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ABSTRACT

Thi s handbook provides criteria for the planning, design, and
estimating of prem ses distribution systens required for mlitary
construction (MLCON) projects.
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FOREWORD

Thi s handbook has been devel oped from an evaluation of facilities at
DCOD est abl i shnents, from surveys of the availability of new materi al
and construction nethods, and from sel ection of the best design
practices of the Naval Facilities Engi neering Command ( NAVFACENGCOM ,
Armmy Corps of Engi neers, other Governnment agencies, and the private
sector. This handbook was prepared using, to the maxi num extent
feasi bl e, national professional society, association, and institute
standards. Do not deviate fromthis criteria in the planning,

engi neering, design, and construction of DOD facilities wi thout prior
approval of the respective conponent office of responsibility--U S
Arny, HQ USACE/ CEMP-E or USAI SEC CONUS or the appropriate USAI SEC
geographical office, U S. Navy, NAVFACENGCOM Code 15C.

The follow ng applies to Arny projects: The cost estimating guidance
in this handbook will not be used. The Information Systens Cost
Estimator (ISCE) for Wndows shall be used to establish cost
estimates for all Arny projects. The use of a Registered

Communi cations Distribution Designer (RCDD) is not mandatory. For

all Arny Medical projects, any further deviation fromthis criteria
nmust be approved by the HQ USACE Medical Facilities Design Ofice -
CEMP- EM

The follow ng applies to Navy projects: The outside plant backbone
t el ecomruni cati ons cabling should be single node fiber optic nedia
installed in a nodified star architecture to allow mgration to
asynchronous transm ssion node (ATM architecture w thout nedia

repl acenent. The backbone cabling shall also comply with Navy Base
Commruni cations Standards prepared by the Navy Conputer and

Tel ecomruni cati ons Command. Navy designs shoul d be prepared and
approved by a registered comunication distribution designer (RCDD).
Navy pl anners, engi neers, designers, telecommunications specialists,
and base communi cations officers should use the Navy

t el ecommuni cati ons software cost estimating program TELECOM whi ch is
provi ded on the Construction Criteria Base (CCB). A partial listing
of commerci al and Governnent standards, that addresses

t el ecommuni cati ons design and installation practices, is provided in
Appendi x A. This list should be reviewed jointly by the major
claimant and the RCDD to confirmthe adequacy of the conmerci al
standards to neet the tel ecomunications requirenments of the
facility.
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FOREWORD ( Cont i nued)

Recomendati ons for inprovenent are encouraged. Submt
recommendati ons using the DD Form 1426 provided inside the back cover
to the respective conponent office of responsibility. Approved
recommendations will be forwarded to Commander, Naval Facilities

Engi neeri ng Command ( NAVFACENGCOM), Code 15C, 1510 Gl bert Street,
Nor fol k, VA 23511-2699; tel ephone commercial (757) 322-4208,
facsimle machine (757) 322-4416.

TH' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR
PROCUREMENT OF FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE
PURCHASE OF FACI LI TI ES ENG NEERI NG CRI TERI A MANUALS. DO NOT
REFERENCE I T IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER
PROCUREMENT DOCUMENTS.
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Section 1: TELECOVMUNI CATI ONS PLANNI NG AND DESI GN
1.1 Overvi ew

1.1.1 Responsi bilities. The DOD construction agency responsible
for the construction of facilities is either the United States Arny
Cor ps of Engineers or NAVFACENGCOM as assigned within the respective
geographic areas by the Ofice of the Secretary of Defense. DOD
directives 5136. 10, Defense Medical Support Activity and 6015. 16, DCOD
Policies for Planning Fixed MTitary Health Facilities provide -
additional information. Tel ecomruni cations support for M LCON
projects is outlined in ML-HDBK-1190, Facility Planning and Design
@Qui de. Thi s handbook addresses only the requirenents for
t el ecommuni cati ons pat hways and cabling necessary to support voice,
data, and video systens permanently installed in the facility. Oher
systens, such as security, fire alarns, and environnental nonitoring,
whi ch are not addressed here, also have simlar cabling requirenents.
The designer should consult with the electrical and security
designers to consider joint use pathways, where economcally
feasible. In general the construction agency is responsible for
provi di ng i nside and outside cabling and support structures
(pat hways) necessary to provide a conpl ete and usabl e
t el ecomruni cations distribution system The handbook contai ns
pl anni ng, design, and installation criteria. Paranmetric cost
estimating software is provided on the CCB system optional cost
dat abases identified as TELECOM This software currently provides
cost data for the interior building cabling, backbone cabling, and
pat hways to the cl osest mai ntenance hol e connection. This handbook
does not address an eval uation or expansion of the outside plant or
central sw tching and routing systens.

1.1.2 Scope. As shown in the flowhart in Figure 1, given only
t he square footage per floor of the proposed facility and its
function or functional areas, the estimator should be able to
quantify and estimate the cost of the follow ng tel ecommuni cations
cabling itens:

a) The maxi mrum nunber of generic workstations per fl oor
which the facility wll support;
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b) The amount of copper and/or fiber optic horizontal
distribution cable required to serve the workstations fromthe
near est tel ecomrunications cl oset;

c) The type and size of the horizontal pathways, given
the type of floor and ceiling construction;

_ d) The nunber of telecomrunications closets and their
si zes;

e) The size of the copper (voice) and fiber optic
| ocal area network (LAN) vertical distribution cables serving
each fl oor;

f) The nunber of vertical ducts or sleeves serving
each fl oor;

g) The size of the fiber optic and/ or copper entrance
cabl es; and

h) The size of the cable entrance facility, including
t he service entrance.

Note: Wthout the actual construction plans it wll
not be possible to determ ne the exact | ocations of the
t el ecomruni cations cl osets but given the square footage of usable
fl oor space the nunber and size of the closets can be estinated.

1.1.3 bj ective. The objective of the planning evolution is
t he devel opnent of an input to the tel econmunications portion of
the DD Form 1391. This baseline figure is a conposite of the
costs projected to engineer, furnish, and install requisite

hori zontal cabling systens to support the anticipated user
popul ati on over the expected life cycles of both the voice and
data systens and vertical backbone cabling and pat hways desi gned
to support upgrades in the horizontal systemfor the |ife of the
structure. Base tel ecommuni cations support is predicated upon
the availability of the existing tel ephone, data, and

di stribution systens to provide the necessary connectivity and
system access to the increased user population. The assessnent
of plant-in-place outside plant, switching and routing systens,
and the engineering required to nodify or expand them is not
addressed in this handbook.

1.2 Design. The planning, design and installation of a
bui | ding or canpus tel econmunications infrastructure requires the
sel ection of appropriate hardware, cable and support structures,
and deci sions regarding types of pathways and topol ogies. The
Bui I ding Industry Consultant Services International (BICSI)
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provides testing and registration services resulting in the
designation of the registered communi cations distribution

desi gner (RCDD). The RCDD designation is held by both Governnent
and commerci al tel ecommunications designers and shoul d becone a
requi renent for those preparing and review ng architectural plans
for telecomunications installations. It is incunbent upon the
RCDD assigned to the project to determ ne the requirenents and
formul ate a design through an organi zed deci si on nmaki ng process.
These decisions will formthe primary design el enments necessary
to interface the building or canmpus tenants (generally referred
to as the local users) to the serving |local and w de area

net wor ks (LANs/ WANs) and tel econmmuni cati ons systens, which the
user nust access to neet m ssion performance objectives. The
primary design elenents to be assessed when devel oping a buil ding
or canpus tel ecommunications infrastructure include: workstation
requi renents and | ocations; type and quantity of horizontal cable
di stribution; |ocation and size of telecommunications closets;
type and size of vertical cable distribution and supporting

pat hways; buil ding entrance or point of presence (POP); and
inter-building (outside plant) distribution. Each of these
design elenents forns an integral part of the overal

t el ecomruni cations distribution system Figure 2 illustrates a
typical building distribution schene. It is the responsibility
of the design agency or teamto integrate each elenent into a
conprehensi ve distribution design which will neet the

t el ecommuni cati ons connectivity requirenents consistent with the
functionality of the building and its tenants. The design
objective is to ensure that the building and canpus cable

pat hways wi || be capabl e of supporting cabling requirenents for
the useful life of the building, 50 years. The building' s

hori zontal cable plant is expected to acconmodate

t el ecommuni cation requirenments for a m ninum period of 10 years.
This section defines the tel ecommuni cations requirenments for
various types of buildings, introduces applicable standards, and
provi des rationale for the optional decisions that nmay be nmade to
alter the default conditions in the estimating software.
Comrerci al standards have been used in determ ning these

requi renents. Electronic Industries Association (EIA/TIA 568,
Commer ci al Buil di ng Tel ecommuni cations Cabling Standard and TI A
569, Commercial Building Standard for Tel ecommuni cations Pat hways
and Spaces and NFPA 70, National Electrical Code provide the
majority of the direction. The RCDD nust be famliar wth these
references. This section lends itself equally to new
construction and renovation projects. In the case of renovation,
the RCDD nmust be conscious of existing systens which nay be
conprised of older distribution materials no | onger recomended
by commercial standards. For instance, a building wired with 50
ohm coaxi al cable for LAN operations may be rewired with CAT 5
unshi el ded twi sted pair (UTP) to support future requirenments and
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conformto EIA TI A 568 recommendati ons. However, the RCDD should
be aware that should existing workstations remain in the

buil ding, they will require bal anced/ unbal anced (BALUN) i npedance
mat chi ng devices to match the unbal anced coaxi al cabl e network
interface card (NIC) to the 100 ohm bal anced UTP cable. There
may al so be instances where advanced technol ogy, such as w rel ess
LANs, nmay provide a sinpler or interimsolution to engineering
probl em associated with building refurbishnment. It is
recommended that the RCDD research these alternative solutions
prior to deciding which tel ecomunications systemis best suited
for the project.

1.2.1 Met hodol ogy. The communi cations cabling that supports
voi ce, data, and video distribution throughout the building, and
in some cases interfaces with a canpus backbone, is an integral
part of the design and construction process. The proper estinate
of construction costs and allocation of floor and ceiling space
depends upon the ability of the RCDD to determ ne the answers to
typi cal questions such as:

a) How many voice and data outlets will be required in
each area?

b) How w |l users in open bay areas be served?

c) How many cables of each type will be run to each
outlet?

d) What type of horizontal distribution pathways
shoul d be used? (Should cables be run in the floor or in the
ceiling?)

e) Are cable runs too close to sources of
el ectromagnetic interference (EM)?

f) \Were conduit is used, what size should it be?

g) \Were should the tel econmuni cations cl osets be
| ocat ed and what size should they be?

h) Wsat is the size and quantity of vertical and
entrance ducts?
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Figure 2
Building Distribution Schene
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1.2.2 Approach. The communi cati ons desi gn process nust begin

wi th an analysis of the user workstations. Their nunber and
configurations determne the anount and type of horizontal cables to
be pulled, either through enbedded fl oor ducts or through the
ceiling, fromthe workstation outlets to the serving

t el ecomruni cations closets. This information will also be used to
determ ne the |locations and sizes of the tel ecommunications cl osets
and the conposition and size of the backbone and entrance facilities.

1.3 User Workstati on Requirenents

1.3.1 Wor kstation Capabilities. A workstation is defined as the
pl ace, such as a desk or fixed position, where an enpl oyee perforns
his or her daily duties. It consists of a voice instrunent and a

personal conputer (PC) or termnal, as shown in Figure 3.

Wor kst ati ons, whether within a walled office or an open bay area,
W ll be provided with voice access to the resident network via a
uni que tel ephone nunber. This is referred to as the "single |ine

concept." Workstations wll also be provided with connectivity to
the LAN for access to the applications, utilities, and files resident
on the network server. It is the responsibility of the RCDD to

ensure that cabling and support structures required to connect the
wor kstation via internedi ate tel ecommuni cations closets to the

equi pnent room and building entrance facility are in accordance with
appl i cabl e standards.

1.3.2 Cables to the Wirkstation. The voice and data station

cabl es | eaving the workstation are connected to the buil ding

hori zontal cabling system by neans of a faceplate configured with the
appropriate voice and data nodular inserts. A typical faceplate
configuration is shown in Figure 4. The faceplate should be flush
mounted on the wall rather than surface nounted wherever possible.
Facepl ates specifically designed for installation in the basepl ate of
nmodul ar furniture are avail able for open bay areas. See Figure 5.

1.3.2.1 Unshi el ded Twi sted Pair (UTP). Four pair, 24 AW5 100 ohm
UTP is the preferred nedia for bringing voice and data to the

wor kstation. The two categories of UTP cabl e approved for general
use are categories (CAT's) 3 and 5. CAT 3 cable is nanufactured to
specifications that will support voice and data at operating rates
not to exceed 16 MHZ. CAT 3 conponents are tested to 16 MHZ but are

7
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not recomrended for operations above 10 MHZ because of their
susceptibility to wde variations in attenuation as a result of
variations in tenperature. To support rapidly rising data rates over
a 10-year period, the use of CAT 3 cable should be restricted to

voi ce or alarmsystens. CAT 5 cable may al so be enpl oyed for voice
circuits where specified by the mlitary departnment (MLDEP) or to
avoi d excessive levels of cross talk. UTP is not specified as the
transm ssion nedia for data circuits which exceed a transm ssion rate
of 100 MHZ. However, UTP cables are being researched for use at data
rates in excess of 100 MHZ for applications such as the transm ssion
of asynchronous transfer node (ATM. Addi tionally, the National

El ectrical Manufacturers' Association (NEMA) is developing a
specification, WC-66, for a high frequency | ow | oss, extended
frequency 100 ohm screened or shielded cable for operations up to 300
VHZ.

1.3.2.2 Fi ber Optic Cable. Fiber optic nmedia nust conply with
El A/ TIA 568, EIA TSB-72, Centralized Optical Fiber Cabling
Quidelines, and Article 770 of NFPA 70. Fiber optic nedia in
vertical pathways nust conformto UL 1666, Flane Propagati on Hei ght
of Electrical and Optical Fiber Cables Installed Vertically in
Shafts. Fiber optic nedia in air handling plenuns nust pass NFPA
262, Fire and Snoke Characteristics of Wres and Cables. Miltinode,
62.5/ 125 mcron, tight buffered, tight tube, fiber distributed
digital interface (FDD) grade fiber optic cable should be installed
in the vertical backbone to support data systens and may be
substituted for the CAT 5 horizontal data cable when required by user
term nal equipment. Installation and term nation of fiber optic
cable is conparable to that of CAT 5 in cost and | evel of effort;
however, the cost of the electronics necessary for electro-optic
conversion results in a sonmewhat higher total cost for the fiber
optic installation. This cost is decreasing. Wen enployed, the
fiber optic jack will be a duplex device housing two unidirectional
fiber optic termnations. The duplex 568SC connector specified in
EI A/ TIA 568 is shown in Figure 6. Activities currently enploying ST
connectors nmay continue to do so.

Si ngl e-node fiber may be required for inter-building
backbone applications and may be specified by the major claimnt for
vertical backbone support of high data rates.

8
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1.3.2.3 Screened UTP. CAT 5 100 ohm UTP is available with a

grounded screen for additional EM containnment or rejection. Unique
ei ght -pi n nodul ar plugs and jacks are required to provide a path for
the ground circuit between the workstation and the network equi pnent.

1.3.2.4 Coaxi al Cable. Fifty ohmcoaxial cable is not normally
recommended for new construction, but may exist in refurbished
bui | di ngs where existing Ethernet electronics are to remain. |If

exi sting 50 ohm coaxial systens are to be nodified, the RCDD should
consult the original equi pment manufacturer (OEM for: recomrended
maxi mum cabl e | engt hs, approximately 200 m (600 ft.); m nimum

di stances between drops, approximately 2.5 m (8 ft.) and the maxi mum
nunber of drops per run (approximtely 28) prior to nodifying any
coaxi al runs. Connection of equi pnent designed for unbal anced
coaxial distribution cable to a bal anced UTP network requires the use
of a BALUN devi ce.

8a
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1.3.2.5 Shi el ded 150 Ohm Cable. Two pair 150 ohm shi el ded
cable is not recomended for new construction but may be
encountered in the refurbishing of older buildings. Its presence
may i ndicate an area of increased EM and shoul d be approached
accordingly. Shielded cable is prevalent in Europe where

el ectronic em ssion standards are nore stringent.

1.3.3 Wal | - Mounted Qutlets and Conduit. Provide flush-
nmount ed faceplate attached to a 103 cm (4 in.) square by 56 mm
(2-1/8 in.) deep wall box in accordance with EIA/TIA 569. This
requirenent is designed to provide sufficient space to allow
coiling of the cables within the box w thout exceeding the

m ni mum bend radii. A reducer nmay be added to allow the
attachnment of a single-gang faceplate. The box shoul d be
connected to appropriately sized conduit which is stubbed up into
an accessible ceiling, honerun to the serving tel ecommunications
cl oset, or connected to an in-floor distribution system Conduit
sizes to support wall box configurations are dependent upon the
nunber and di aneter of the distribution cables being run.

Conduit should be sized to accommpdate the future installation of
fiber to the desktop. Refer to par. 1.5.1.3.c) of this manual or
El A/ TI A 569, Table 4.4-1, for assistance in sizing conduit. Wall
boxes should be installed at the sanme height as the el ectrical
outlets which is normally 42.5 cm (17 in.) above the finished

fl oor (AFF) nmeasured fromthe center of the box. Provide wall
mounted outlet in kitchen area within housing units. CQutlet
shall be installed 120 cm(48 in.) AFF. Pay tel ephones are to be
installed 100 to 105 cm (40 to 42 in.) AFF. The Anericans Wth
Disabilities Act requires that the hi ghest operable nmechani smon
a pay tel ephone be within 135 cm (54 in.) side reach and 120 cm
(48 in.) forward reach

1.4 Hori zontal Cabl e Requirenents

1.4.1 Bui | ding Usage. The first step in quantifying building
t el ecomuni cation cable requirenents is the categorizing of the
building by its type of tel ecomunications usage. Major usage
types, as described bel ow, each have both general and uni que
cabling requirenents. Wen uncommon building types are
encountered, the RCDD should consult the major claimnt for
specific distribution requirenents. Cable distribution density
within a building is dependent upon the buildings projected
functions over a 10-year period. Pathways shoul d be designed for
the life of the building. Premature recabling is tinme consum ng,
expensive, and disruptive to both users and system operati ons.

To correctly size the cabling infrastructure, the RCDD is
encouraged to select one of the various building usage types
listed below prior to conputing the quantity and types of cables
required to support each workstation and the type and size of the
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period. Pathways should be designed for the life of the buil ding.
Premature recabling is time consum ng, expensive, and disruptive to
both users and system operations. To correctly size the cabling
infrastructure, the RCDD is encouraged to select one of the various
bui | di ng usage types |listed below prior to conputing the quantity and
types of cables required to support each workstation and the type and
size of the horizontal pathway required to run the cables fromthe
wor kstation to the tel ecomruni cations closets. This information wl|
al so be used in later subsections to size the tel ecommunications

cl osets, backbone cabl es, pathways, and entrance facilities.

1.4.1.1 Adm ni strative. Buildings being constructed or refurbished
to house adm nistrative personnel will nost likely contain a

conbi nation of walled offices, usually adjacent to the w ndows, for
supervi sory personnel, conference facilities, and open bay areas
toward the center of the floor plan. These open bays are commonly
configured with nodular furniture. Occupants of these buil dings
require general teleconmmunications support to each workstation for

voi ce and LAN connectivity and specific tel econmunications support to
designated areas, as required to support the major claimant term nal
equi pnent. Additional jacks not associated with a particul ar
workstation will be required in comon areas for the term nation of
facsimle machines, printers, and various term nal equipnent.
Activities which enploy optical scanning and storage nethods for
|arge data files may require fiber optic cable to the workstations in
desi gnated areas for high-speed file retrieval. At a mninmm each
wal | ed office should contain a two-port faceplate, configured in
accordance wth EI A/ TI A-568, for each occupant. At a mninum it
shoul d contain an eight-pin nodular voice jack, which is either CAT 3
or CAT 5 and either an eight-pin CAT 5 nodul ar data jack or a dupl ex
fiber optic data jack. The major clainmant may specify a second or
third data jack dependent upon anticipated LAN confi gurations.
Installation of both CAT 5 UTP and fiber optic data cable to the

wor kstation is all owed when required for conpatibility with custoner
term nal equipment. Wen the major claimants’ inputs are either not
avai l able or insufficient for detail ed engi neering, open bay areas
shoul d be engi neered to provide for one workstation for every 10 sq.
m (100 sqgq. ft.) of usable floor space. Each nodul ar workstation
shoul d be equi pped with one faceplate which is to be configured in
accordance wth the EIA TI A 568.
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Furniture arrangenents in open bay areas and the
construction or denolition of walled offices will vary over the life
of the building but the maxi mum nunber of occupants requiring
t el ecommuni cations services within the building will remain at
approximately one for every 10 sq. m (100 sqg. ft.) of usable work
space. Exanple One serves to illustrate this estimation process.
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EXAMPLE ONE
ESTI MATI NG THE NUMBER OF WORKSTATI ONS

A. Nunber of Whrkstati ons Per Fl oor

1. The RCDD should consult with the major claimant to
determ ne the projected occupancy.

Proj ected Cccupancy

2. Determne the nunber of potential occupants over the life
of the building by dividing the usable square footage by 10 sq. m
(100 sqg. ft.).
Usable sq. m(sq. ft.)

Maxi mum nunber of occupants =

10 sq. m (100 sqg. ft.)

3. Use the greater of 1. or 2. above as the nunber of
potential workstations to be served. Even if horizontal cables
are not initially run in this quantity, the pathways, backbone
cabl es, tel econmunications closets, and entrance facility nust be
constructed to eventually support workstations.

1.4.1.2 Headquarters. Tel econmuni cati ons cabl es and pat hways
serving headquarters facilities, especially those housing flag
and general officers, wll require sufficient capacity to support
uni que point-to-point circuits in addition to the requirenents
outlined above for general adm nistrative buildings. The

desi gner should investigate the requirenents for the foll ow ng:

a) Additional entrance facilities to support above
standard nunbers of tel ephone and LAN cabl i ng;

b) Antenna entrance facilities;

c) Additional fiber optic strands in the backbone for
non-mul ti pl exed circuits;

d) Expanded equi pnent room requirenents to house voice
swi t chi ng equi pnment, above average anounts of electro/optica
fiber optic convertors, multiplexers, transceivers, and
communi cations and digital service units (CSUs/DSUs) for T-1
circuit termnations and bandwi dth on demand nul ti pl exers and
coder/ decoder (CODEC) for video tel econferencing;

15




M L- HDBK- 1012/ 3

e) Horizontal fiber optic distribution cables for
video distribution and/or fiber to the desktop;

f) Video teleconferencing and vi deo di spl ay
connectivity to support conference facilities; and

g) Generators and ot her backup power devices.

1.4.1.3 Command and Control Center. |In addition to those
considerations |listed above for headquarters facilities, cable
and antenna service entrances, pathways, backbone systens, signal
security, heating, ventilating, and air conditioning (HVAC),
power tolerances, and floor |oading nust be given special
attention when designing the tel ecommuni cati ons support for
command and control facilities. Tel ecommunications equi pnent
outlets should be served fromthe backup power distribution
board. Raised floors are prevalent in the design of command and
control facilities because of the increased nunber of

i nterconnected consoles and nulti medi a workstati on and di spl ay
systens. Trunked nobile radi o equi pnment, coaxial RF cabling, and
an antenna mast or tower should be anticipated. M L-HDBK-420,
Site Survey Handbook for Tel ecommuni cations Facilities addresses
the site survey procedures to be conducted prior to designing
communi cations facilities and NAVELEX 0101/0102, Naval Shore

El ectronics Criteria addresses conmuni cations station design.

For signal security considerations, primarily cryptol ogic

equi pnent applications, M L-HDBK-232, RED/ BLACK Engi neeri ng-
Install ati on CGui delines provides RED/ BLACK signal distribution
desi gn guidance. Facilities which require sensitive
conpartmented i nformation storage nust conply with the Director
of Central Intelligence (DCl) directive 1/21, Physical Security
St andards for Sensitive Conpartnented Information Facilities and
NACSI M 5203, Guidelines for Facility Design and RED/ BLACK

I nstall ati on.

1.4.1. 4 Training. Training facilities are both users and
generators of high data rate circuits and enploy both fiber
optics and satellite radio transm ssion paths in association with
di stance learning. Provide a structured prem ses wWiring system
conpatible with the custoner's term nal equi pnent to include

CAT 5 and fiber optic nedia.

Adm ni strative areas, classroons, and auditoriuns nmay
requi re both LAN and broadband video distribution jacks. Video
cables will termnate in the video control room Video
distribution cables may be coaxial, fiber optic, or UTP
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1.4.1.5 Techni cal or Laboratory. The RCDD nust consult with
the major claimant regarding the short- and | ong-term usage

pl anned for the facility. It may be anticipated that additional
fiber optic nmedia will be required to carry high-speed data
directly across the canpus to avoid delays inherent in

mul ti pl exed systens. This is preval ent where sinultaneous

rel ated operational activities are being conducted or sinmulated
in several canpus |locations and require real-tinme connectivity.

1.4.1.6 Hospital. Hospital facilities shall be designed in
accordance wth ML-HDBK-1191, Medical and Dental Treatnent
Facilities Design and Construction Criteria, Departnent of

Def ense. The design of a tel ecommunications distribution system
to serve a hospital requires that the RCDD becone cogni zant of
the functionality of each area or roomw thin the facility.
Hospital tel econmunication support requirenents enconpass
extensive additional connectivity and unique installation
criteria to accommopdate nurse call, intercom public announcing,
master TV antenna, and other m scel | aneous systens. The nurse
call system provides the baseline conmuni cati ons between nurse
stations, patient roons, |lab facilities, operating/treatnent
roons, and doctors. It provides for energency calls, routine
patient requests, paging, and is used as a personnel |ocator.

The RCDD nust ensure that the requirenents for
t el ecomruni cati ons cabling have been included with the other
pat hway requirenments for security, electrical, alarns, and
announci ng systens. To adequately address the intra-buil ding
pat hways and tel ecomuni cati ons cabling, the RCOD nust at a
m ni mum becone famliar with Naval Facilities Quide
Specifications (NFGS s). These guide specifications, along with
the comercial standards, detail the cable configurations
associated with the hospital tel ecomunications infrastructure.
Sel ection of cable types is dependent on the interface
requi renents of the equi pnent supported by the cabling system
It is, therefore, inperative that the RCDD obtain space
connectivity requirements and equi pnent interface data fromthe
cl ai mant organi zation and CEM [|f cl ai mant cannot provide
accurate interconnection data, the designer should provide one
fiber optic, two Category 3 UTP, and one Category 5 cable per bed
or treatnent area. This will accommodate the nurse call,
t el ephone, and patient nonitoring requirenents. Each room should
al so be configured with either a coaxial or fiber optic cable for
cable television (CATV) service. |In addition to the nurse cal
systemit is incunbent upon the RCDD to address the cabling
support requirenents for tel ephone and the transfer of
i nformati on from nmedi cal nonitoring equi pment and data term nal s.
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Most hospitals today are training and research facilities with
video nonitoring and tel econferencing connectivity requirenents.
Addi ti onal connectivity to support access to nobile radio,
including telenetry; paging; and satellite communications are
standard requirenments in nost hospitals. The RCDD nmust ensure
hori zontal and backbone pathways fully neet the connectivity
requi renents of the hospital's comuni cations assets. The

di stribution of extensive electrical, fire, alarm security,
video, and information transfer within the limted confines of a
hospi tal building requires extensive coordination with the

el ectrical and al arm design agents to ensure installation of
adequat e support structures for cable placenent. Sone hospitals
are constructed with interstitial areas between floors through
which utility pipes, ducts, and cables are run. Where this is
not the case, cable routing should be provided via cable tray or
wreway as defined by EIA/TIA 569. Wen possible separate or
segregated distribution trays or ducts should be used for each
application (fire, data, tel ephone, security, etc.). Routing of
i ndi vidual signal cables fromthe tray or wireway to the station
box shoul d be acconplished with electrical netallic tubing (EM)
conduit with conpression fittings.

1.4.1.7 Bachel or Quarters. Bachelor quarters (BQ) are to be
desi gned in accordance with M L-HDBK-1036, Bachel or Quarters.
BQ are to be configured with a mninmumof a single faceplate per
room For dual occupancy bedroons provide two single facepl ates
as shown in Figure 7. Additional LAN cabling nmay be consi dered.
The preferred distribution support structure for the UTP cable
shall be via cable tray or wireway in the hallway ceiling. EMI
conduit should be routed fromthe cable tray/wireway directly to
the station boxes. Conduit and tray fill shall be in accordance
wth NFPA 70. Cable distribution services in multilevel BGQs
shoul d be installed in accordance with the provisions of
El A/ TI A 570, Residential and Light Conmercial Tel ecommuni cations
Wring Standard. Horizontal teleconmunication distribution
cl osets should be | ocated on each floor of the BQ The
horizontal distribution cables, four pair 24 AWG solid conductor
wire, should be interconnected to the building entrance cable in
these closets via multipair vertical backbone cables. As an
alternative, access to CATV, telephone, and E-nmail may be jointly
routed to the roons via a 75 ohm broadband coaxi al cabl e.
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1.4.1.8 Single Fam |y Housing. As described in M L-HDBK-1035,
Fam |y Housing, single famly housing is usually provided with

t el ephone service by the | ocal exchange carrier (LEC). During
the construction phase, the Contractor shall be instructed to
provide a direct burial six pair, 24 AW cable fromthe property
line, to the demarcation point in the building. In cases where
the housing units are located within the confines of the
Governnment facility and the outside plant is Governnent-owned,
the distribution cables from several housing units should be run
to a consolidation point, e.g., a pedestal or manhol e, adjacent
to the main tel ephone feeder cable run, since there is no
property line associated with each unit. The six pair cable to
the building is terned the "distribution cable.” Wen attached
to the demarcation point, it shall be properly grounded and
termnated on lightning protectors. The demarcation point wll
serve to separate the LECs facilities and the premses wiring. A
cabl e distribution device, capable of term nating eight LEC
distribution pairs shall be mounted within 30 cm (12 in.) from
the demarcation point. This distribution device wll serve as an
adm ni stration point and the origin of the star configured
station drops to the various roons. Cable distribution within
single famly housing units shall be installed in accordance with
EIA/TIA 570. At a mninmum one CAT 3 UTP four pair cable shal

be dedicated to each of the follow ng roons: kitchen/dining
area, master bedroom and the famly/great room These roons
will be configured with at |east three jacks. Provide a

dedi cating second line to the famly room and consi der an
additional line to other bedroons and the study or den where
feasible. Figure 8 depicts a typical two-story unit. The actual
| ocations of jacks is dependent upon the floor plan of the unit.
Each wall w th an unbroken length of 4 m (12 ft.) or greater
shall be configured with a tel ephone jack. The total
configuration should ensure that no horizontal baseboard run can
be made in excess of 8.3 m (25 ft.) before encountering a

t el ephone jack. Jacks shall be a single or dual port flush-
mount ed wall plate configured wth an eight-pin nodul ar jack,
wired in accordance with EIATIA 568. EIA/ TIA 568 wiring nmay be
substituted where specifically required by associ ated equi pnent.
Up to three jacks within the same room served by the sane
primary line, may be ganged together in series. Double gang, 103
cm( 4 in.) square boxes shall be installed in the wall to
accommodat e the term nation of the cables. Pathways equi pped
with pull string shall be provided back to the distribution
device; 21 mm (3/4 in.) EMI is recommended. Each station cable
shall be run fromthe distribution device in a star
configuration. In the case of U S. Arny construction, famly
housi ng shall be wired in accordance with architectural

engi neering instructions (AEl) for famly housing.
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1.4.1.9 Guard Shack. Guard shacks are inherently difficult to
upgr ade because of renpte physical locations (usually in the

m ddl e of traffic lanes) and their limted physical size. To
ensure adequate connectivity for current and future requirenents,
a 12 pair cable and a 6 strand fiber optic nultinode cable should
be installed during construction. The 12 pair copper cable can
provi de ringdown service to each of the various energency
services usually available on a base (hospital, fire, security),
as well as an on-base dial-up capability. The fiber optic
strands will accommopdate control and video signals fromthe video
canera and provi de access to security information databases after
normal wor ki ng hours. The copper cable should neet Rural
Electrification Adm nistration (REA) standards for the type of
installation planned; PE-89, Filled Tel ephone Cables Wth
Expanded I nsul ation for underground or buried and PE-22, Aeri al
and Underground Cable for aerial. The fiber optic cable should
be tight buffered, |oose-tube construction. Service to the guard
shack shoul d be provisioned through an underground 4-inch rigid
conduit routed fromthe nearest canpus distribution system access
poi nt (manhol e, pole, or building).

1.4.1.10 Warehouse. The availability of supply/inventory data
net wor ks have enhanced the efficiency of warehouse operations to
t he poi nt where warehouses are now a m ni conputer center. Since
the distances fromthe renote termnals usually exceed the
recomended 90 m (295 ft.), these networks are serviced in
various ways, including dial-up nodem access, coaxial, and fi ber
optic connectivity. Mst warehouse facilities are high-ceiling
structures with areas sectioned off to provide for
environnental ly conditioned office and equi pnent spaces. Wen
provi si oni ng tel ecomuni cation services to a warehouse, the RCDD
must account for the high vol unme, high-speed tel ecomunication
requi renents of the nodern warehouse facility. Connectivity and
distribution requirenments in the environnmentally conditioned

of fice area should be configured the sane as delineated for an
adm ni strative building. The horizontal distribution to entry
term nal |ocations outside the office area should be in netal
conduit (usually EMI) and routed along walls or ceiling beans to
prevent inadvertent damage fromthe heavy equi pnment or vehicles
whi ch are common to the warehouse environnment. Wen pl anni ng
conduit routing for tel ecomunication cabling, the RCDD should
avoi d significant obstructions encountered in the space, sources
of EM, and areas where excessive heat conditions m ght exist.
In the warehouse area, the RCDD should provide a wall phone jack
approximately every 33 m (100 ft.). Paging systens are usually
accessed through the tel ephone switch by dialing a specific code
for the desired zone froma properly class marked instrunent. In
t hose instances where separate pagi ng m crophones are required,
m cr ophones shoul d be collocated with the wall phone. Speakers
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and external ringers should be |ocated to provide overl apping
coverage. Since nost warehouse facilities exceed 90 m (295 ft.)
in length, fiber optic connectivity to renote termnals |ocated
in the warehouse is recommended. Small nunbers of data

subscri bers may be i nexpensively extended beyond the 90 m

(295 ft.) restriction by applying individual UTP/fiber optic
transceivers to these drops.

1.4.1.11 M scellaneous. Buildings not specifically covered
herein may be conprised of a conbination of several buil ding
types or they nmay be unique. Wlen they are unique, the nmajor
claimant shal|l be approached for distribution requirenents.

1.5 Hori zontal Pat hways. Horizontal pathways are
structures used to protect, support, and conceal the horizontal
di stribution cables which run fromthe workstations to the
serving tel econmuni cations closets. The nunber of cables to be
run, their sizes, bend radii, cost, and construction design of
the building are all considerations in determ ning the pathway
type. More than one type may be used within a building. The
RCDD may or nay not be afforded an input into the architectural
deci sion whether to run the horizontal pathways wthin the floor
or the ceiling structure but should review their nunber and size.
The design of the pathway nust be docunented in the construction
drawings to elimnate conflict wwth HVAC and el ectrical systens
al so being installed in the sane areas. It is inperative that
the RCDD properly size the horizontal pathway to support the
estimated building life and ensure that they are installed
properly to avoid EM or congestion. GCenerally data cables from
the workstation jack are to be honme run to the serving

t el ecomruni cations closet to conply with the EIA/ TIA 568
restriction to two cross connect points. However, there may be

i nstances where the user population is so fluid as to require
frequent relocation and rewiring of workstations. This is conmon
in |large areas populated with nmodul ar furniture. The cost of
rerunni ng these cables all the way back to the closet for each
relocation may be reduced by using a zone distribution to the
center of the area and coiling extra cable, not to exceed a total
length of 90 m (295 ft.) in the ceiling. Another option, while
not normally recommended, is to disregard the EI A/ TI A 568
standard that allows only two cross connect points and install a
zone distribution cross connect point wwthin the work area. The
zone distribution box would be permanently cabled fromthe
serving tel econmuni cations closet and then extended by an
additional distribution cable to the workstation. Relocation of
the workstations or addition of a workstation would require that
a cable be pulled fromthe zone distribution box to the

wor kst ation faceplate rather than fromthe closet to the

wor kst at i on.
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1.5.1 Types of Horizontal Pathways. The foll ow ng paragraphs
list the various types of horizontal pathways, their advantages
and di sadvant ages, design criteria and installation paraneters as
specified in EIATIA 569 and NFPA 70.

1.5.1.1 Underfl oor Duct. Underfl oor duct systens are conprised
of a nunber of horizontal perpendicular raceways enbedded in the
concrete floor of a building. Wiile they may be used to support
both power and tel ecommuni cations, the two should not be m xed

Wi thin one duct w thout approved separators and nust conply with
| ocal and national electrical codes. Refer to NFGS- 16130,
Under fl oor Raceway System for additional information. These duct
systens may be single, double, or triple |level depending on the
requi renent and the thickness of the floor as shown in Figures 9,
10, and 11. Underfloor duct systenms may be conprised of encl osed
rectangul ar ducts or raceways, open trenches with screw on
covers, or a conbination of these. For the purpose of this
description cellular floors are also included as underfl oor

ducts. Underfloor duct systenms use an access hol e through the

fl oor and/or carpet at the junction point to gain access to the
duct for pulling cables. Access holes are also required for the
pl acenent of inserts at cable service points.

Install ed underfl oor ducts are categorized as either
feeder ducts or distribution ducts. Feeder ducts run fromthe
t el ecommuni cations closet to a junction point. Distribution
ducts join the feeder ducts at right angles and run fromthe
junction point to the outlet jacks. There are no inserts in
f eeder ducts.

a) Advantages of underfloor ducts and cellul ar systens
i ncl ude:

(1) Physical protection of distribution cables;
(2) Qut-of-sight cable runs;

(3) Reduced EM due to netal shielding (requires
proper groundi ng and bondi ng);

(4) Frequent access at predeterm ned intervals;
and

(5 No requirenent for plenum cable.

b) The di sadvant ages of underfl oor ducts and cell ul ar
systens include:
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Figure 11
Fl ush Duct Underfloor System
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(1) Even though the in-floor ducts or cellular
system conponents reduce the anmount of construction nateri al
required for the floor and in the case of cellular strengthens
the floor, their cost is high;

(2) Junction boxes are required at each 90-degree
turn and may becone saturated over tineg;

(3) Access hole may not be easily accessible once
furniture has been pl aced,;

(4) New access holes require a core bore through
the floor and into the duct which coul d damage exi sting cabl es;
and

(5) These systens do not |end thenselves to
frequent systemreconfiguration.

c) In-floor pathways shall conformto the design
criteria of EIA/TIA 569, par. 4.2 which delineates the fill
capacity and concrete cover depth requirenents for each type.
The practice of allocating two cables and 10 sq. m (100 sq. ft.)
of workspace to each workstation results in an industry practice
of designing 6.25 sq. cm (1 sq. in.) of cross sectional duct for
each workstation. This applies to both feeder and distribution
ducts (EIA/TIA 568, par. 4.2.1.4.1). Refer to Exanple Two for
assistance in estimating quantities of in-floor ducts. The
hori zontal distance restrictions of EIA/TIA 568 (295 ft.) apply.
Bl CSI recommends that the distribution duct nearest the wall
parallel to the run be located 18 in. to 24 in. fromthe wall, to
allow roomfor furniture along an office wall, and the renaining
ducts spaced at convenient intervals between the building
supports. Preset inserts for access to the cables shall be
| ocated at regular intervals depending on the furniture design
but at |east every 17 m (50 ft.). Ducts shall enter the
t el ecomruni cations closet either via a floor trench | ocated al ong
the closet wall or through el bows that term nate beneath the
pl ywood backboard of the closet. Elbows shall termnate 5 cm
(2 in.) AFF.
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EXAMPLE TWO
ESTI MATI NG | N- FLOOR DUCT

A. Distribution Duct. In-floor distribution duct requirenents
may be estimated by applying a guideline of 6.5 sg. cm

(1 sq. in.) of duct cross-sectional area for each 10 sg. m

(100 sqg. ft.) of usable floor space served. Assunm ng that no
nmore than three cables will be pulled to each workstation and
each workstation occupies 10 sq. m (100 sq. ft.), the total
length of in-floor distribution duct may be estinmated as foll ows:

1. Cal cul at e:

Length of distribution ducts = length of the area served by the

t el ecommuni cations closet (lI) multiplied by the width of the sane
area (w) divided by the duct separation 1.7 m (5 ft.), plus the

l ength of the area (I).

Note: An additional length of the service area is added in this
cal culation to account for the cost of a duct being installed
within 24 in. of both outside edges of the service area.

Length of distribution ducts = (L x W _ /5) +L =
= (1 xw + I

5

2. Example: If the distribution zone is 100 ft. |ong and
100 ft. w de:

Length of distribution ducts

(100 x 100) + 100
5
(10, 000/5) + 100

= 2000 + 100
= 2100 ft.
Range of Cross-Sectional Area
Duct Size
St andard 21 to 25 sq. cm (3.3 to 3.9 sqg. in.)
Lar ge 49 to 57 sq. cm (7.6 to 8.9 sqg. in.)
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EXAMPLE TWO ( Conti nued)

B. Feeder Ducts. For estinmating purposes a standard feeder duct
of 50 sgq. cm (8 sq. in.) nay be allotted for each 80 sg. m
(800 sqg. ft.) of usable floor space (typical area feeder duct
wll service).
1. Calcul ate:
(a) Nunber of feeder ducts = usable floor space divided
by 800 sqg. ft.
Nunmber of feeder ducts = usable floor space =
800 sqg. ft.
Exanple: |If the usable floor space is 10,000 sg. ft. then:
Quantity of feeder ducts = 10,000 sqg. ft.
800 sqg. ft.
= 12.5
round up to = 13
(b) Total length of feeder ducts = nunber of

feeder ducts tines their average length (distribution
area width/4 or 2).

(1) For a centrally located tel ecommuni cations
closet, divide the width of the distribution zone by 4 and
mul ti ply by the nunber of feeder ducts required:

of ducts

Tot al

| ength of feeder duct = (width) x no.
— 4
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EXAMPLE TWO ( Conti nued)

Exanple: If the wwdth of the distribution zone is 100 ft. and
the quantity of feeder ducts required is 13 then:

Length of feeder duct (100 ft.) x 13
-4

25 ft. x 13
325 ft.

(2) For a telecomunications closet |ocated toward
either edge of the distribution zone, divide the width of the
distribution zone by 2 and nmultiply by the nunber of feeder ducts
required:

Total length of feeder duct = (width) x no. of ducts =
2

Exanple: If the wwdth of the distribution zone is 100 ft. and
the quantity of feeder ducts required is 13 then:

Length of feeder duct (100 ft.) x 13
2

50 ft. x 13
650 ft.

d) In accordance with NFPA 70, Articles 300 and 354
and EIA/TIA 569, par. 4, in-floor duct systens shall be
i nstal |l ed:

(1) Under 21 mmto 25 mm (3/4 in. to 1 in.) of
concrete cover depending on the size of the raceway or flush with
the floor and covered with floor covering;

(2) Wth trench cover, where applicable, flush
with the fl oor

(3) Mintaining a maxi mum 40 percent fill ratio;

Bl CSI al so recommends an additional 15 percent reduction in fil

for each 90-degree bend. Consequently, a 40 percent fill wth
[l

two 90- degree bends would be reduced to a 28 percent fi

(4) Laid in straight lines wth feeder ducts or
trenches perpendicular to the distribution ducts;
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(5 Wth junction boxes and inserts |level with the
fl oor and sealed to prevent the entry of noisture; and to
interface with wall outlets using a properly bonded and grounded
metallic conduit.

e) Cellular floor systens, unlike duct or trench
systens serve as a structural floor. The nodul es are conposed of
arolled top and a flat bottom and may be obtained in either
steel or concrete construction. Cellular floor planing nust be
coordinated with the structural engineer. Cellular floor nodul es
are available in two-, three-, or four-cell configurations.
Various wi dths and depths are available to provide the
connectivity required. The RCDD must know the area to be served
and the nunber and dianmeter of the distribution cables to
determ ne the size and nunber of cells.

f) In accordance with NFPA 70, Articles 300, 356, and
358 and EIA/TIA 569 , par. 4, cellular floor systens shall be
i nstal |l ed:

(1) On 1.2 mto 1.5 m(4 in. to 51in.) centers
with 50 percent of the nodules allocated to cells and the
remai ni ng nodul es non-cell (cells are 5 cm (2 ft.) w de and non-
cells are 5 cmto 7.5 cm (2 in. to 3in.) wde);

(2) Wth preset inserts on 60 cm (24 in.) centers;

(3) So that distribution cells run the | ength of
the building to reduce feeder duct |ength; and

(4) Maintaining a maxi mnum 40 percent fill ratio;

Bl CSI al so recommends an additional 15 percent reduction in fil

for each 90-degree bend. Consequently, a 40 percent fill wth
il

I
two 90- degree bends would be reduced to a 28 percent fill.
1.5.1.2 Ceiling Distribution System Ceiling distribution
systens are an i nexpensive alternative in areas where non-| ocking
suspended ceiling tiles are to be installed and where | ocal codes
all ow | oose cables to be run within ceilings. Wthin the ceiling
the cabl es nay be supported by trays, rings, or hooks suspended
fromthe ceiling or wall structure. A zone distribution system
may be desirabl e whereby cables are run fromthe closet in
conduit or tray to the center of the area to be served and
distributed fromthere to the workstations using a suspension
arrangenent as descri bed above. Were possible wall jacks should
be stubbed up into the false ceiling, using appropriately sized
EMI, as close to the zone distribution point as practical. Par.
1.5.1.3.c) and EIA/ TIA 569, Table 4.4-1 provide assistance in
si zing conduit.
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a) The follow ng advantages nmay be attained through
the use of ceiling distribution systens:

(1) Lowinitial cost;

(2) Installation is easy to performand requires
mnimal tine;

(3) Installation can also be done after
constructi on has been conpl et ed;

(4) Low cost noves, adds, and changes. CQutlets
can be rel ocated short distances using the sane cabl e;

(5) Flexible pathway; and
(6) Pathway is dedicated to a specific floor area;

b) The follow ng di sadvantages are indi genous to
ceiling distribution systens:

(1) Can be installed only in false ceilings;

(2) Require expensive plenumrated cable when run
in an HVAC pl enum cei |l i ng;

(3) Are susceptible to EM if not installed
properly; and

(4) My require utility colums to reach the
center of open areas.

c) If cable trays are not installed, then cable
support devices such as rings or hooks nust be suspended fromthe
wall, ceiling, or ceiling support structure using 10 cm (3/8 in.)
all-thread attached to the structure with anchors or beam cl anps.
These devices should be located on 1.3 mto 1.7 m(4 ft. to
5 ft.) centers. Ceiling support wires or rods will not be used
to support cables. Cable runs should be designed using
per pendi cul ar paths with 90-degree turns conprised of two
45-degree turns. A zone distribution systemmy be used. |If the
ceiling air space is being used as the air return path for the
HVAC system plenum cable nmust be used. This will noticeably
i ncrease the cost of the installation. A cost/benefit analysis
for conparison with other suitable distribution nmethods should be
performed. UWility colums or building support columms may be
used to access the workstations. Flush nount wall jacks wll be
stubbed up into the ceiling in accordance with NFPA 70. \Were
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solid cenent or block walls exist, which is common in buildings
bei ng refurbished, a surface-nounted wireway nust be attached to
the wal | .

d) Cable sag should be mnim zed to reduce the stress
on the cables and to avoid interference with the renoval of
ceiling tiles. A separation of 152 nmto 305 mMmm (6 in. to
12 in.) nmust be retained between the sag and the ceiling support
bar. Care nust be taken to avoid sources of EM, such as notors
(comon in HVAC), power distribution cables, copy machi nes, and
fluorescent |ighting. Tel ecommuni cati ons cabl es and pat hways
shoul d cross fluorescent |ights, conduits, and netallic cables at
right angles. D stances to be maintained fromsources of EM as
specified by EIATIA 569 are as foll ows:

(1) 1.3 m(4 ft.) fromlarge notors and
transforners;

(2) 27 cm (1 ft.) fromcables and conduit used for
el ectrical power distribution; and

(3) 129 nm (5 in.) fromfluorescent |ighting.

1.5.1.3 Conduit Systens. Wth the exception of ceiling zone

di stribution systens, conduit pathways are dedi cated hone run
paths fromthe station jack to the tel ecommunications closet. Up
to three jacks may be ganged together. These dedicated runs
result in reduced flexibility. Conduit may be constructed of

EMI, rigid netal conduit, or rigid polyvinyl chloride (PVC

a) Advantages of conduit distribution include:

(1) Placing conduit in the floor during
construction presents a | ow cost unobtrusive path-to-wall outlet
in | ow user density areas;

(2) Conduit presents a clean solution to serving a
few floor outlets in an area where a ceiling distribution system
W ll be used to serve the majority of the users;

(3) Elimnates the need for plenumcable; and

(4) Can be used to protect cables fromcorrosive
at nosphere or physical danage.

b) The following are the maj or di sadvant ages of
conduit systens:
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(1) Conduit must be placed in the floor during
construction. This results in a loss of flexibility should
pat hway expansi on be necessary;

(2) Use of conduit for tel ecommunications
hori zontal pathways is restricted by EIATIA 569, par. 4.4.1.2 to
permanent |ocations in |ow device density areas.

c) In accordance with EIA/TIA 569, par. 4.4.2.1
conduit shall be installed so that no nore than two successive
90- degree bends occur w thout placing a pull box. A pull box
will also be installed every 31 m (100 ft.). Pull boxes shall be
sized in accordance with EIA/TIA 569, par. 4.4.2.6.4. The bend
radius of the conduit shall be six tinmes the inside diameter for
conduits 53 nm (2 in.) and smaller and 10 tinmes the inside
di aneter for those larger than 53 nm (2 in.) and for conduits
carrying fiber optic cable. Condulets (Ib) are not considered
pul | boxes and are not recommended because of the inherent
difficulty in maintaining mninmmbend radii. Conduits are sized
according to their allowable fill ratio. The fill ratio depends
on the nunmber and size of cables being run in the conduit.
Exanpl e Three and EI A/ TI A 569, Table 4.4-1, provide guidance for
sizing conduit. Conduits may be run wthin cenent floors and
ceilings and may gang not nore than three wall boxes together.
Wher e gangi ng occurs conduit sizing shall increase increnental as
cabl es are added.

d) Conduit runs shall be grounded and bonded in
accordance with NFPA 70, Article 300.

EXAMPLE THREE
DETERM NI NG CONDUI' T SI ZE

A. The size of the conduit to be installed should be based on
the size and quantity of the cables that are anticipated to be
installed init. Requirenents for specific types of conduit,
such as EMI, rigid netal, and rigid PVC can be found in NFPA 70.

B. Conduit fill should not exceed 53 percent when one cable is

pl aced in the conduit, 31 percent when two cables are placed in

the conduit, and 40 percent when three or nore cables are placed
in the conduit.

C. Conduit is to be sized in accordance with NFPA 70 and
El A/ TI A 569.
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EXAMPLE THREE ( Conti nued)
D. To determ ne the conduit size:
1. Determne the outside dianeter of the cables that will be
installed in the conduit. For four-pair CAT 5 UTP assune 6.1 mm
(.24 in.).

D aneter of Cables in.
Nunmber of Cabl es

2. Use the chart below from NFPA 70 to identify appropriate
condui t si ze.

Conduit Trade Number of Cables or Wres
Si ze Cable/Wre Qutside Dianeter, nmin
3.3 4.6 5.6 6.1 7.4 7.9 9.4 13.5 15.8 17.8

mm in. (.13) (.18)(.22) (.24) (.29) (.31) (.37)(.53) (.62) (.70
16 (1/2) 1 1 0 0 0 0 0 0 0 0
21 (3/4) 6 5 4 3 2 2 1 0 0 0
27 (1) 8 8 7 6 3 3 2 1 0 0
35 (1 1/4) 16 14 12 10 6 4 3 1 1 1
41 (1 1/2) 20 18 16 15 7 6 4 2 1 1
53 (2) 30 26 22 20 14 12 7 4 3 2
63 (2 1/ 2) 45 40 36 30 17 14 12 6 3 3
78 (3) 70 60 50 40 20 20 17 7 6 6
91 (3 1/2) - - - - - - 22 12 7 6
103 (4) - - - - - - 30 14 12 7

Note: For 6.1 mm (.24 in.) dianeter UTP cables nothing |ess
than 3/4 in. should be used.

Exanpl e:

| f no. of cables 6 and all cable dianeters =.24 in.

Conduit size 1in.
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1.5.1.4 Access Floors. Access floors (raised or conputer

fl ooring) provide a conveni ent nmeans of interconnecting

t el ecomruni cati ons equi pnent. They are conposed of antistatic
nmodul ar fl oor panels supported by pedestals which may or may not
be braced.

a) Access floors afford the designer the foll ow ng
advant ages:

(1) Handl e high cable densities;
(2) Pathway is easily accessible;

(3) Ofer least cost solution for maki ng noves,
adds/ changes;

(4) Aesthetically acceptable; and

(5) Provide an encl osed plenum for HVAC feed or
return.

b) D sadvantages of access floors include the
fol | ow ng:

(1) Hghinitial cost;
(2) Reverberate sound; and

(3) If left renmoved or with unused holes, create a
per sonnel hazard.

c) Access floors should be braced with stringers in
areas where floor panels are frequently renoved or the access
floor is greater than 6 in. off the finished floor. Floor
| oadi ng nust be designed in accordance wwth EI A/ TI A 569, Table
Al-1. Access floors required ranps for equi pnent carts and
handi capped access. These ranps require excessive space. |n new
construction the area to receive a raised floor shall be
depressed to a depth equal to the height of the access floor.
The hei ght of the access floor in an office space should be a
m ni mum of 155 mm (6 in.). In a conputer or equipnment room or
where the area beneath the floor is used as an HVAC pl enumt he
m ni mum hei ght of the access floor shall be 310 Mmm (12 in.) in
accordance with EIA/TIA 569, par. 4.3.3.2.1

d) Metal parts of access floors shall be UL listed and
bonded to ground in accordance with EIA/ TIA 569, par. 4.3.4.4.
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1.5.1.5 Tray and Ladder Systens. Cable trays and | adders are
rigid structures installed for orderly routing, support, and
contai nnent of telecomunications cables. Various types are
avai |l abl e ranging from open | adders to cl osed or open top
troughs. As with in-floor ducts, trays may be sized by
allocating 6.25 sq. cm (1 sqg. in.) of cross sectional area to
every 10 sq. m (100 sq. ft.) of usable floor space being served.
Tray and | adder systens may be run above or below the ceiling and
under access floors. These wireways should be supported by
brackets, rods or trapeze every 129 mm (5 ft.). A mninmm of 310
mm (12 ft.) nust be provided and mai ntai ned above the w reway.
Coordination with the electrical and HVAC engineers is required
to avoid conflicts in space allocation. Were solid or slotted

| adder/tray bottonms are not nandated, care should be taken to
avoi d appl yi ng excessi ve cable weight over CAT 5 or fiber optic
cabl es. Excessive weight may result in crinped CAT 5 or
fractured fi ber.

1.6 Tel ecomruni cations C osets. The tel ecomruni cations
cl oset serves as the transition point between the horizontal and
vertical distribution pathways. It is the cross connect point

bet ween t he backbone and the horizontal distribution cables
serving the workstations in the area. To function in this
capacity the tel ecommuni cati ons cl oset nust contain: cross
connect fields, patch panels, fiber optic interfaces, and LAN
har dware. Dependi ng on the customer LAN requirenents, it may

al so house el ectronic equi pnment for renote distribution of voice
and video. \Were central LAN and PBX sw tchi ng equi pnent is
collocated wth horizontal distribution cross connects, the

cl oset should be terned "equi pnent roonf as described in par.
1.8.9. This handbook does not address el ectrical power

di stribution, environnental nonitoring systens, various al arnmns,
design of digital switch systenms, LAN hardware, or the |ogica
network configuration. The RCDD, however, will be responsible
for ensuring that the tel econmunications closets and the

equi pnent room are sized and equi pped to accommbdat e t hese
systens. The tel ecommuni cations cl oset nust be centrally |ocated
in the area being served so that horizontal cable runs are

m nim zed and no horizontal cable run is greater than 90 m

(295 ft.). If this is done, the average cable run should be
approximately 30 m (100 ft.). There will be a m nimum of one

cl oset per floor. Additional closets will be required if the

fl oor area exceeds 1000 sg. m (10,000 sq. ft.) or because of the
shape of the area the horizontal distribution distance to the
wor kst ati on exceeds 90 m (295 ft.). Miltiple closets serving the
sane floor shall be Iinked together by a m ni numof one 78 mm
(3 in.) conduit. A 200 pair copper cable and 12 strands of
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mul tinode fiber optic cable should be installed in the conduit for
network connectivity and redundant routing. Figure 12 depicts a
typi cal tel econmuni cations cl oset.

1.6.1 Tel ecommuni cati ons C oset Requirenents. The cl oset shal

be sized in accordance with EITA TIA 569, Table 7.2-1 which w |
result in aroomranging in size from7 sg. mto 11 sq. m (70 sqg. ft.
to 110 sq. ft.). Refer to Exanple Four

a) The ceiling should be a mnimnumof 2.6 m (8.5 ft.) high
with no false ceiling.

b) Doors shall be a mnimumof 1 m(3 ft.) w de and open
out war d.

c) A1 m(3 ft.) clearance shall be nmaintained in front of
cross connects and equi pnent racks.

d) A mninmmof two dedicated 20 anpere 110 volt ac dupl ex
receptacles shall be provided for equi pment rack power, preferably
served fromthe UPS power panel. Additionally, duplex convenience
outlets shall be spaced at 2 m (6 ft.) intervals around the perineter
wal ls. Sleeves, slots, and wall penetrations shall penetrate the
room27 mmto 78 mm (1 to 3 in.) and shall be properly firestopped.

e) HVAC shall be provided on a 24-hour basis.

f) A41 nmm(1-1/2 in.) conduit shall be provided fromthe
equi pnent roomto the building grounding electrode. dosets shall be
connected to a single point ground. In accordance with EIA TI A 607,
Commer ci al Buil di ng G oundi ng and Bondi ng Requirenents for
Tel ecommuni cati ons.

g) Lighting shall be a m nimum of 540 |lux (50 footcandl es)
at 1 m(3 ft.) AFF.

h) A mnimmof tw walls shall be covered with 21 mm (3/4

in.) fire rated, void free plywod. The plywod shall be painted
with two coats of light colored fire retardant paint.
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HORIZONTAL MEDIA

TO WORKSTATIONS
- HORIZONTAL MEDIA
: ! TO TELEPHONES
I : TELEPHONE
OPTIONAL : : DISTRIBUTION
IAN [ _ !
DISTRIBUTION- | || l L
BLOCKS qi
\7 DATA
PATCH PANEL
VOICE —
COPPER ™ DATA
BACKBONE \ PATCH PANEL
7 PATCH PANEL
ja )8 A IAN
J \\
103 mm. / 1'm IAN
(4 in.) (3.28 ft.)
UPS
FIBER
BACKBOKE IN \
INNERDUCT
Figure 12

Tel econmuni cati ons C oset
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EXAMPLE FOUR
DETERM NI NG NUMBER AND SI ZE OF TELECOMMUNI CATI ONS CLOSETS

A.  Assum ng a popul ation density of one workstation every

10 sq. m (100 sq. ft.), a dedicated tel ecomunications closet for
a building or floor which conprises |ess than 1,000 sq. m
(10,000 sqg. ft.) should be sized as foll ows:

Service Area Cl oset Size

Less than 500 sq. m (5000 sq. ft.)-3.1 mx 2.2 m(10 ft. x 7 ft.)

500- 800 sgq. m (5000-8000 sg. ft.)-3.1 mx 2.8 m(10 ft. x 9 ft.)

800- 1000 sg. m (8000-10,000 sqg. ft.)-3.1mx 3.4m (10 ft. x 11 ft.)

Greater than 1000 sq. m (10,000 sq. ft.) One cl oset per every
1000 sg. m 10,000 sqg. ft.)

B. For buildings or floors with usable floor space in excess of
1000 sg. m (10,000 sg. ft.), the nunmber of telecomrunications
closets may be estinmated by dividing the total usable floor space
by 1000 sg. m (10,000 sq. ft.).

Number of closets = Total usable floor space =
1000 sg. m (10,000 sg. ft.)

1.7 Hori zontal Cable Installation and Term nati on.
Installation of fiber optic and copper distribution cabl es nust
be performed in accordance with the instruction provided in

FIPS 174, Federal Buil ding Tel econmunications Wring Standard as
updated in EITA/TIA 568 and the recomendati ons of the

manuf acturer. CAT 5 cable is designed and nanufactured to
stringent standards of NEMA WC 63, Prem se Tel econmuni cati ons
Cables (1 CEA S-90-661) so that each pair wll conformto the near
end cross talk (NEXT) and attenuation paraneters required to
transmt 100 MHZ over a distance of 100 m (328 ft.). The

manuf acturing process is nonitored and certified by independent
third party certification entities such as Underwiters

Laboratory (UL). Installation of fiber optic and CAT 5 cabl es
requi res special handling during the installation and term nation
phases to prevent physical damage or alteration to the cable. In

the case of CAT 5 cable the rate of twi st and physi cal
relationship of the pair within the cable jacket directly affects
the electrical performance of the cable. The negative effects
realized through alteration of the cable by tw sting, kinking,
overcinching of cable ties, or sharply bending it are directly
proportional to the frequency of operation. The rate of tw st
and relationship of the pairs are contributing factors in
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cal culating the capacitive reactance of the cable. The higher
the frequency, the nore critical the capacitance becones in
controlling cross tal k between pairs.

Wthin the tel ecommuni cations closet, patch cords
shoul d be constructed of stranded copper cable vice a solid
conductor to increase their durability and their length limted
to 6 m (20 ft.).

Caution: Eight-pin nodular plugs for connecting to
stranded cables differ fromei ght-pin nodular plugs used for
solid conductor wire because of the dianmeter of the wre.
Station cords, also constructed of stranded cable, should be
limted to a length of 3.1 m (10 ft.). These lengths may vary as
long as the total |ength of horizontal patch cords does not
exceed 9 m (30 ft.). Figure 13 illustrates the relationship
between the station cords, horizontal distribution cable
(tel ecommuni cations link), and the patch cords or cross connect
wire which connect the closet end of the link to the system
specific el ectronic equi pnent.

1.7.1 Installation. CAT 5 cable is usually packaged in

310 m (1000 ft.) rolls contained either on a spool or in a box.
Several runs are usually pulled sinultaneously. Extra care nust
be taken when uncoiling or unreeling CAT 5 cable to prevent
kinking. A kink wll adversely affect the capacitance and
consequent|ly the NEXT perfornmance neasurenent. Wen ki nked, the
cabl e cannot be straightened out well enough to restore its
original bandw dth properties and therefore nust be repl aced.
Copper data and voice cable may be run sinultaneously but should
never share the sane sheath or patch panel because of dissimlar
power |evels which could result in cross talk or equi pment danmage
if mstakenly cross connected to the wong system

a) The m ninum bend radius for fiber optic cable and
25 pair CAT 5 cable is 10 tinmes the cable dianeter. For CAT 3
UTP it is four times the cable dianmeter. Do not exceed a
90- degr ee bend.

b) Maxi mum pul ling tension should not exceed 25 |b.
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Horizontal Distances
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c) Cable bundles should not be tightly wapped or so
| arge that the wei ght causes excessive stress on the bottom
cables. The size of the bundles will normally be dependent upon
the fill ratio of the duct being used or in the case of ceiling
installations, ceiling bundles are usually limted to 55 when
supported by 103 mm (4 in.) rings. Slack nust be taken out of
the bundles prior to wapping them Cable ties or waps used in
air plenunms nust be plenumrated. Cable waps nade of Velcro
type material are available and help the installer avoid cinching
cabl e bunches too tightly. Figure 14 illustrates how to
determ ne the length of cable tie or wap to use. Cables are to
be honmerun w thout the use of bridge taps which create nmultiple
appearances. Bridge taps are expressly prohibited by FIPS 174.
Cables installed in ceilings nust maintain a 155 nmto 310 mm
(6 in. to 12 in.) clearance above the false ceiling supports.
Cabl es should be | abeled at both ends in accordance with an
approved cabl e managenent systemas outlined in EIA TI A 606,
Adm ni stration Standard for the Tel ecommuni cations Infrastructure

of Commercial Buildings. A convenient list of do's and don'ts
for CAT 5 installation and term nation, devel oped by the 504th
Signal Battalion, is included as Appendi x A

1.7.2 Term nation. Care nust be taken during the term nation
phase to ensure that proper hardware and workmanship are applied
to the effort. Never untwi st CAT 5 cable nore than 16 mm

(/2 in.) when termnating it. Installers require specific
training and certification by a qualified instructor prior to
attenpting the termnation of CAT 5 or fiber optic cables to
maintain the integrity of the system design. Numerous

manuf acturers of CAT 5 cabling systens provide a 15-year warranty
on their products but require that the installer be certified by
that manufacturer as a qualified installer.

1.7.2.1 CAT 3 and 5 Term nations. The connecting hardware nust
be rated as high as the cable being installed. |Insulation

di spl acenent type connectors should be used. The installation
criteria for CAT 3 systens is identical to those specified for
CAT 5 wth the exception that CAT 3 cable may be untw sted 27 mm
(2 in.) vice 16 mm(1/2 in.). Oher practices should remain the
sane since it is likely that both categories will be pulled
together and termnated in the same wall box to serve coll ocated
voi ce and data jacks.
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10

MAXIMUM BUNDLE DWMETER (INCHES)
o

T L3 T T T T L] L L) T A L] ¥ T T T T
28 3.1 39 48568374 8 1011514 17 25 28 31 34 44
CABLE TIE LENGTH (INCHES)

AWG/0.D. (in inches) STRANDED WIRE CHART

AWG 0.D. AWG 0.D. AWG 0.D.
36 .006 22 .0 6 .184
34 .007 20 .038 4 .232
32 .008 18 .049 2 292
30 .012 16 .060 1 .328
28 .015 14 073 1/0 .368
27 .018 12 .096 2/0 414
26 .021 10 .116 3/0 .464
24 024 8 .147 4/0 .522
Figure 14

Cable Tie Length
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EI A/ TIA 568 identifies two authorized pin-outs for
ei ght-pi n nodul ar jacks; 568A and 568B. FIPS 174 specifies that
the 568A pin-out will be used. There are Governnent procurenent
contracts remaining in force that provide 568B pin-outs on their
materials. Figure 15 provides 568A and 568B pin-outs. The
pi n-out pattern of the patch panel (568A or 568B) nust match the
pi n-out pattern of the jack; if not connectivity wll be
di srupted (open pairs). The station end of the cable shall be
punched down on the nodul ar jack using the proper displacenent
tool to avoid damagi ng the cable insulation. At the
t el ecomruni cations cl oset cables will be neatly routed to the
pat ch panel and connected to the panel using the proper
di spl acenent tool.

1.7.2.2 Fi ber Optic Term nations. The fiber optic 568SC
connector Is required for new construction projects. Activities
currently using ST type connectors may continue doing so.

At the wall outlet a mnimmof two fibers will be
termnated in a 568SC dupl ex adapter. The fibers will be grouped
in pairs and designated "A" and "B." The fibers are to be
uni di rectional, one send and one receive. At the far end the
pair will be crossed-over. The fiber designated at the wall jack
as "A" wll be designated at the other end as "B." See Figure 6.

1.7.3 Testing. Testing shall be acconplished in accordance
with EI A/ TT A 568.

1.7.3.1 CAT 3 and 5 Testing. General tests for opens, shorts,
grounds, and cable mapping (pin-out) shall be perfornmed on UTP
and shielded twi sted pair (STP) cables. CAT 5 links shall be
tested in accordance with EIA TSB-67, Field Testing of Unshi el ded

Tw sted-Pair Cabling Systens for attenuation and NEXT. The RCDD
Wil reviewprinted test results to ensure conpliance with the
appl i cabl e standard. Precise cable |engths may be neasured using
atime domain reflectoneter (TDR).

1.7.3.2 Fiber Optic Testing. Fiber optic cables will be reel
tested prior to installation. Reel testing consists of using a

[ ight source and neter, a |launch cable, and mechanical splices.
This test denonstrates continuity and | oss associated with the
fiber strands. The test technician will conpare neasurenents
with reel configuration data sheet provided by the manufacturer.
Any anomal i es (opens, kinks, etc.,) should result in rejection of
the fiber optic cable prior to installation. Fol | owi ng
installation each fiber strand shall be tested in one direction
at either 850 nmor 1300 nmusing a calibrated |ight source and
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meter in accordance with Method B of EIA TIA 526 14, Opti cal
Power Loss Measurenents of Installed Milti nbde Fi ber Cable Pl ant.
In accordance with EIA/TIA 568 a maxinumloss of 2.0 dB is
allowed for the fiber link which is defined as 90 m (295 ft.) of
fiber and two connectors. Test results exceeding 2 dB shall be
further tested using an optical tinme domain reflectoneter (OTDR)
to isolate the problemand correct the discrepancy.

1.8 Backbone Design. The nbst comon function of a

t el ecomuni cati ons backbone is to distribute voice/dial tone from
a common switch to renote users and to connect data and vi deo
hubs to the network, via a bulk nmedia path. Backbone design is
appl i cabl e whenever or wherever nultiple termnation points
requi re connectivity to a single location via an internedi ate
cross connect point. Backbone cabling is used to provide
connectivity between buildings and floors, or, if a floor is of
sufficient size, between nmultiple tel ecommunications closets on
the same floor. Backbone connectivity is germane to both voice
and data applications. NFPA 70, Articles 700 and 800 delineate
requi renents associated with the selection and installation of
vertical backbone cabling. These articles address considerations
such as cabl e housing and sheath print requirenents, and

m scel | aneous support facilities. A primary function of these
articles is to establish baseline requirenents to prevent the
spread of flanme and snoke fromfloor to floor. A copper cable
identified as a conmmunications riser (CVR) in accordance with
NFPA 70, Article 770, or a fiber optic cable with an opti cal

fi ber conductive (strength nmenber) riser (OFCR) or optical fiber
non- conductive (strength nenber) riser (OFNR) designation is
suitable for use as a building vertical backbone cable. In
addition to the determ nation of cabling schenes, the RCDD nust
al so determ ne the physical support structure appropriate for

i npl enenting the backbone system

1.8.1 Voi ce Backbone Cable Requirenents. Uilization of a
backbone system design wll vary according to the type of
signalling to be carried by the backbone. Because of the
princi pal use of copper cable in voice applications, wthout

mul ti pl exing or other electronic interface, it is relatively easy
to conpute the size requirenments for a backbone cable. Total the
copper pair counts to each of the workstations to be serviced by
the cable, increase the quantity by a factor of 50 percent,

unl ess otherw se specified by the ngjor claimnt , and sel ect the
mul ti pair cable which nost closely neets or exceeds the pair
count requirenent. The standard multipair copper cable sizes
avai l able within the comercial industry are (pairs): 6, 12, 18,
25, 50, 75, 100, 150, 200, 300, 400, 600, 900, 1200, 1500, 1800,
2100, and 2400. Distribution of backbone cabling in | arge
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mul ti story building and outside plant environnents is generally
sized in a tree topology as illustrated in Figure 16.

Determ nation of cable sizing is initiated at the far end of the
cable route and the backbone cabl e size increases as users are
added en route to the point of origination, such as the tel ephone
closet on the top floor of the building. Wen feasible, such as
in smaller buildings, it is preferable to run dedi cated backbone
cables to each tel ecommuni cations closet w thout splicing.

Single node fiber optic cable, which is specified for
t he outsi de backbone, will support trunking of voice circuits to
the building either as inter-switch trunks or nultiplexed |ines.

1.8.2 Dat a Backbone Cabl e Requi renents. The variety of data
distribution nedia (UTP, STP, fiber optic, coaxial), network

t opol ogi es, and data rates nmake determ nation of a data backbone
system nore conplicated than for voice. The RCDD needs to
closely coordinate with the claimant organi zation to determ ne
what type of network topology and transm ssion nedia is required
to meet the user's short-term(up to 3 years) and long-term (3 to
10 years) requirenents. Topology requirenents and distribution
medi a selection are primarily driven by the el ectronics
interface/systens selected by the claimant organization. 1In a
new construction environnment, where determ nation of claimant
organi zation (or nmultiple organizations) requirenents are not
fully realized, the installation of multistrand (a m ni mrum of 24
strands) fiber optic cable between each floor and the main

di stribution point should neet nost short-term connectivity

requi renents. EIA/TIA 568, Section 5 defines the preval ent

t opol ogi es used in the data comunity as the star and ring

t opol ogi es (see Figure 16). |EEE 802.3, Information Technol ogy -

Local and Metropolitan Area Networks - Part 3: Carrier Sense

Mul tiple Access Wth Collision Detection (CSMA/ CD) Access Met hod
and Physical Layer Specifications and | EEE 802.5, Information
Technol ogy - Local and Metropolitan Area Networks - Part 5:

Token Ri ng Access Method and Physical Layer Specifications
further define data topol ogies. Backbone distribution for data
connectivity is provided between the main distribution |ocation
and each tel ecomunication distribution closet or between

buil dings in the canpus distribution environnent. EIA TIA-568,
Figure 5-5 delineates distance limtations recormmended for each
of the distribution nedia types. UTP cable is not designed or
recommended for inter-building backbone application. It is
recommended that single node fiber be used for inter-building
backbone applications. Wen possible, for physical protection
and adm ni strative ease, it is recomended that separate voice
and data backbone pat hways be used. It is recommended that fiber
optic cable be routed in an innerduct when backbone pat hways nust
be shared. A single innerduct should never be pulled into an
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enpty duct. It will twst and preclude further use of the duct.
Optimumfill ratio may be obtained by pulling three innerducts
initially and leaving two enpty with pull wire installed in each.
A quadduct of wuniconstruction duct may be substituted as

appropri ate.

1.8.3 Vertical Backbone Physical Support Structure. The
vertical backbone physical support structure provides the neans
for routing backbone cables through a nultistory building. Once
the transmssion nedia is selected, the RCDD nust select an
appropriately constructed cable to neet Federal and local fire
codes. It is strongly recommended that new construction efforts
i ncorporate tel econmunication closets directly above each ot her
to facilitate the nost direct routing of vertical backbone cabl es
and elimnate the need for conduit. The routing of vertical

cabl es should not interfere with the installation of distribution
backboards or equi pnment. Vertical backbone cable should not be

routed through el evator shafts. It is recomended that vertica
backbone cabl e not be routed through other building shafts which
preclude direct access to the cable. |f tel ecomrunications

closets on adjoining floors are not vertically aligned,

hori zontal routing wll be required to interconnect them A

m ni mum of three 103 mm (4 in.) EMI conduits shall be provided as
a cable pathway in accordance with EIA TIA 569. Vertical access
t hrough floors and ceilings shall be acconplished by installing
103 mm(4 in.) conduit sleeves or cut slots. Conduit sleeves
should, as a mnimm extend 1 in. above and bel ow the floor and
ceiling level. Conduits, vertical sleeves, and slots shall be
firestopped in accordance with |ocal building codes, Anerican
Society for Testing and Materials (ASTM E814, Fire Tests of

Thr ough- Penetration Fire Stops, Underwiters’ Laboratories Inc.
(UL) 1479, Safety Fire Tests of Through-Penetration Firestops,
and NFPA 70. The BICSI Manual, Tel ecommuni cations Cabl e and

Pat hway Design Paraneters and Installation Practices and EIATIA
569 provide recommended sl eeve quantities and slot sizes based on
servi ceabl e square footage of the building. These requirenents
are reiterated in Exanple Five. After selection of cable type,
si zing, and routing has been acconplished, the RCDD nust
determ ne the best nethod of securing the backbone cable. Again,
because there is a wide variety of avail abl e backbone cables, a
variety of methods is necessary and acceptable for securing them
When determ ning the best nethod for securing a vertical cable,
the RCDD nust consider the follow ng factors:

a) Foot/pound and total weight of the cabl e;

b) Shear strength characteristics of the cable sheath;
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c) Physical construction and | oad bearing
characteristics of the building and walls (check with building
architect or structural engineer); and

d) Bend radi us.

| mproperly installed vertical backbone cables can
result in slippage of cable pairs within the sheath, stretching
of copper wire, broken fiber, or even severe danage to the
structural integrity of the building or walls. The nbst common
met hod of securing a vertical cable is to use straps or clanps
sized to neet the outside dianmeter neasurenent of the cable
sheath. A mninmumof three clanps or straps per floor is
recomended. \When selecting straps or clanps to be applied
directly to a cable sheath, the RCDD shoul d ensure that the clanp
or strap is neither too | oose, which can result in the cable
sagging or cuts to the sheath or cable, or too tight, which can
result in crinped cable pairs or broken fibers. Canps and
straps should be secured to a fire retardant plywod backboard or
anchored to concrete/masonry walls in a nmanner whi ch does not
interfere with the horizontal distribution blocks or equipnent in
the tel ecommuni cations closet. Wen | arge heavy backbone cabl es
are installed, use a steel support strand as a nessenger cabl e.
The American National Standards Institute (ANSI) C2, National
El ectrical Safety Code, Section 26, specifies that the m ni num
stress requirenents of the nmessenger cable will not exceed
60 percent of rated breaking strength under load. |n nost
i nst ances, engineering of the nmessenger should not exceed 25
percent of the rated breaking strength under | oad. The cable
shoul d be tied or lashed to the nessenger at intervals of 3 ft.
The nessenger can then be secured with ties to beam cl anps,
anchors, toggle bolts, or wall brackets. It is recomended that
the RCDD obtain a registered structural engineer's approval prior
to finalizing the installation nmethod. Wen running fiber optic
backbone cable vertically between floors in innerduct, the
i nnerduct should be interrupted on alternating floors to secure
t he cabl e.

1.8.4 Canmpus Backbone Physical Support Structure. This
handbook restricts the discussion of outside plant to the portion
bet ween the building and the serving manhol e, pole, or building.
The canpus backbone physical support structure provides for

routi ng, access, and protection of backbone cabl es between
bui | di ngs. Backbone cabling of all nedia types can be routed

bet ween bui l di ngs by one of four nethods: direct burial,

under ground, tunnel, and aerial. Relative cost conparisons
associated wth these nethods are based on start-up costs and the
assunption that there are no existing support structures.
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EXAMPLE FI VE

DETERM NI NG VERTI CAL BACKBONE PATHWAY
SLEEVE AND SLOT REQUI REMENTS

The nunmber of 103 mm (4 ft.) sleeves or conduits and the size of
slots required to support tel ecommunications related verti cal
backbone cabl es between floors may be determ ned using the table
bel ow

Area Served Nunber of
Above 4 in. Sleeves

Less than 5,000 sg. m (50,000 sq. ft.) 3

5, 000-10, 000 sg. m (50, 000-100, 000 sqg. ft.) 4

10, 000- 30, 000 sg. m (100, 000- 300, 000 sq. ft.) 5-8

30, 000- 50, 000 sg. m (300, 000-500, 000 sqg. ft.) 9 - 11

Area Served Size of Sl ot
Above

Less than 25,000 sq. m (250,000 sqg. ft.) 155 nm x 243 mm

(6in. x 91in.)
25, 000- 50, 000 sg. m (250, 000-500, 000 sg. ft.) 155 nm x 465 mm
(6 in. x 18 in.)
50, 000- 100, 000 sg. m (500, 000-1, 000,000 sq. ft.) 243 nmx 540 mm
(9 1n X 20 in.)
100, 000- 140, 000 sg. m (1, 000, 000-1, 400,000 sq. ft.)
310 mm x 540 mMm
(12 in. x 20 in.)
140, 000- 200, 000 sg. m (1, 400, 000- 2, 000, 000 sq. ft.)
375 mMm x 620 nmm
(15 in. x 24 in.)

1.8.4.1 Direct Burial. Direct burial cable is cable which is
pl owed into the ground or placed directly in a trench, usually
620 mMmmto 1240 mm (24 in. to 48 in.) below grade, or as specified
by |l ocal codes. Selection of direct burial should be based on
the volune of aboveground traffic in the area. The direct burial
method is the | east expensive of the four options. |If an area is
lightly travelled by pedestrian traffic, then direct buried cable
is recomended as the | east cost option. Direct burial of cable
requires that the cable neet the manufacturing specifications of
REA PE-39 or REA PE-89 for copper cable. These cables consist of
a pol yethyl ene sheath and are gel filled to prevent noisture
access or buildup. These cables can be arnored to protect them
fromrodent and gopher damage. Direct burial of fiber optic
cable is not generally recommended but can be done if the cable
is a tight buffered, |oose tube, gel-filled cable with arnor.

The pathway for direct buried cable should be marked by two
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met hods. The first is by placing a conductive identification
tape 155 mMmto 243 nm (6 in. to 9 in.) bel ow grade approxi mately
432 mm (16 in.) above the cable along the trenched route.
Secondl y, marker posts or flags should be placed aboveground
along the trenched path at intervals not to exceed 78 m

(250 ft.). The markers should al so be placed at road crossings
and bends. The next successive aboveground marker shoul d be
easily visible when viewed standing next to a marker. Splicing
of direct buried cable may be acconplished aboveground in splice
pedestals or in buried splice cases if reentry is not
anticipated. Selection of splice pedestals should be based on
cabl e sizes and types (refer to manufacturer recommendations for
pedestal sizing). Direct buried cable is not recomended for
areas with a high volume of notorized traffic such as parking

| ots or road crossings. Cable run under roads should be pl aced
in either rigid galvanized or PVC Schedul e 40 duct. EIA/ TIA 569
and REA TE&CM 640, Buried Cable Plant Specification provide
additional information for devel opi ng buried cable design. Cable
segnents between buil dings or splice points should be neasured
using a distance wheel. Sufficient cable should be specified for
splicing and term nation at each end of each cable segnent. A
length of 3 m (10 ft.) at each end of the cable should provide
sufficient slack for splicing or termnation. Wen fiber optic
cable is directly buried, a service loop of 8.3 mto 17 m (25 ft.
to 50 ft.) should be provided at each end.

Warni ng: Personnel hazard. Prior to initiating any
trenching or plowng for direct burial cable placenent, the |ocal
Public Wrks Ofice, CATV conpany, and commercial Mss Uility
nmust be notified 48 hours in advance to |locate and identify other
utility services located in the installation area. The other
services can be in the formof gas |ines, power cables, water
lines, CATV lines, etc.

It can be advantageous to the RCDD and subsequent
installation activity if the routing of other services within the
area are identified and marked during the site survey process and
again just prior to installation activity. Chapter 15 of the
Bl CSI Manual provides recommended m ni mum space requirenments
bet ween tel ecomuni cation cabling and utility services.

1.8.4.2 Under gr ound

a) An underground cabl e support structure consists of
the burial of conduit, nanhol es, and handhol es for pat hways
between term nation |ocations. An underground support structure
provi des the foll owi ng advant ages over other nethods:
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(1) Increased physical protection of cable assets;

(2) Reduced costs for followon cable installation
efforts;

(3) Reduced costs for reconfiguration and repair
efforts; and

(4) Inproved area aesthetics as splices and
junction points are hidden from casual observation.

b) Warning: Do not enter a manhole w thout conplying
with OSHA safety regul ations. Code of Federal Regul ations (CFR)
Chapter XVIl, Cccupational Safety and Health Adm nistration
(OSHA) Labor Regul ations, par. 1926.956 requires that prior to
entering a manhol e for inspection only:

(1) Place a warning sign at the open manhole in
accordance with PWC regul ati ons;

(2) Erect a barrier around the hol e;

(3) Test for explosive gases and adequate oxygen
supply; force ventilate and retest as necessary.

c) This pathway is normally interconnected with
manhol es and handhol es, for distances over 140 m (450 ft.), which
provi de en route access points for purposes of cable pulling,
splicing, rerouting, and repair. Placenent of manhol es and
handhol es shoul d not exceed 140 m (450 ft.) in any conti nuous
run. Manhol es and handhol es shoul d be positioned at
di stribution junction points or splice points along the pathway.
Manhol es shoul d be configured with sufficient space to
accommodate the duct (conduit) structure, cable racks, splice
racks, corrosion resistant pulling eyes, earth ground, and a
| adder. Manhol es should have a sunp 216 mMmm (8 in.) in dianeter.
Manhol e si zes can vary and shoul d be based on the nunber of
conduits and cables entering it. As a mninmm a nmanhol e shoul d
be 2 mlong by 1.3 mwide by 2 mdeep (6 ft. by 4 ft. by 6 ft.).
Handhol es shoul d not exceed 1.3 mby 1 mby 1 m(4 ft. by 3 ft.
by 3 ft.) and should not be used for cable splicing. The
function of the handhole is to aid in the pulling of cable when
the pull length of the cable requires two pulling segnents or
there are bends of nore than 180 degrees. There should be no
nore than two 90-degree bends or a conbi nation of bends exceedi ng
180 degrees in the conduit pathway between two manhol es, two
bui |l di ngs, or a manhole and a building. The quantity of conduits
bet ween manhol es, handhol es, or buil di ngs shoul d be based on
routing and interconnect considerations, cable types and sizes,
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the conduit fill, and anticipated systemgrowmh. Par. 1.5.1.3.c¢)
and EIA/TI A 569, Table 4.4-1 provides guidance for fill

al l omances of conduits. For new installations, a mninmmof four
103 mm (4 in.) conduits between each buil ding and the outside

pl ant distribution systemis recommended. Cenerally, the nost
comon conduit selected for outside distributionis a PVC Type C
(Schedul e 40 or higher); however, other types of corrosion
resistant conduit may be used (refer to EIA/TIA 569). Conduit
runs should be placed 620 mMmmto 1240 nm (24 in. to 48 in.) bel ow
surface grade. Conduit entrances to manhol es, handhol es, and
bui |l di ngs shall provide for a drainage slope away fromthe

buil ding in accordance with EIATIA 569 , par. 9.3.2.2.5, as
shown in Figure 17. New conduit installations should be
installed with a pull rope (polyrope or pull wire wwth a m ni num
pull strength of 200 Ib) and a two-pair voice grade wire to
facilitate electronic location of the duct prior to the
installation of netallic cables. Conduits should be capped with
approved, renovable plastic caps or putty-type conpound to
prevent rodent access and water seepage into the duct. Do not
route electric light or power circuit cabling in the same manhol e
or conduit distribution systemas telecomunication, alarm or
fiber optic cabling. EIA TIA 569, BICSI Mnual, Chapter 2, and
REA TE&CM 643, Under ground Conduit and Manhol e Desi gn and
Construction provide additional information.

d) Cable specified for an underground duct system
shoul d be the sane as that identified in par. 1.8.4.1 above with
the exception that arnored i nner sheathing is not required. It
is strongly recommended that outside rated innerduct be installed
prior to installing fiber optic cable in an underground system
| nnerduct effectively and econom cally conpartnentizes a | arger
support duct thus allowing the | arge duct to be used for
additional or followon cable pulls wthout placing the fiber
optic cable at risk due to shearing, friction tears, crinping and
ki nki ng, or breaks. Innerduct is of plastic manufacture and is
available in a variety of sizes. Selection of the innerduct size
shoul d be based on the size of the main underground support
structure conduit and the cables to be installed. Innerduct fill
criteria is the same as conduit fill criteria and is defined in
NFPA 70. Quadduct or three innerducts should be pulled in an
enpty duct prior to installing fiber optic or small copper cable.
Cabl e segnents between buil di ngs or manhol es shoul d be neasured
using a distance wheel. In addition to the wheeled |length
measurenents, sufficient cable should be specified for splicing
and term nation at each end of each cable segnent and for racking
in each manhole in the conduit pathway. |In addition to the
length required within the building to reach the entrance
facility and the location of the protector termnals a | ength of
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3 m(10 ft.) at each end of the cable will provide sufficient
cabl e for sweeping bends, splicing, or termnation. NFPA 70
prohi bits running outside rated cable farther than 16.5 m

(50 ft.) within a building unless it is in rigid conduit.

Addi tional information regarding service entrances is included in
par. 1.9.1. An additional cable Iength equal to 3/4 of the
manhol e perineter neasurenent for each manhole in the pathway
shoul d be added to the overall cable segnment length total. Since
it is extrenely difficult to ensure cable paths and reel I|engths
exactly, it is comon practice to add 10 percent to the total
cable estimate. When installing fiber optic cable, it is
recommended that 8.2 mto 16.5 m( 25 ft. to 50 ft.) of fiber
cable be coiled in every other manhol e al ong a pathway to provide
sl ack for enmergency repair splicing.

e) Warning: Prior to initiating any trenching or
pl owi ng for conduit placenent, the local Public Wrks Ofice,
CATV conpany, and comrercial Mss Uility nmust be notified to
identify and | ocate other utility services located in the
installation area. The other services can be in the form of
buried gas or water |ines, power cables, CATV lines, etc. It can
be advant ageous to the RCDD and subsequent installation activity
if the routing of other services within the area is identified
and marked during the site survey process and again just prior to
installation activity. Chapter 15 of the BICSI Manual provides
recomended m ni mum space requirenents between tel ecomrunication
cabling and utility services.

1.8.4.3 Tunnel. The criteria for the type, size of cable, and

mechani cal placenent requirenents of backbone cabling in a tunnel
is simlar to that identified in the underground system descri bed
in par. 1.8.4.2 above. The engineering and estimating factors to
be consi dered when routing backbone cabl e through a tunnel are:

a) Physical separation between backbone cabl es and
hi gh or | ow voltage power cables nmust be at |least 310 mm (12 in.)
parallel, 103 mm (4 in.) crossing;

b) Physical separation between backbone cabl es and
wat er, steam or gas piping shall be at least 310 mMmm (12 in.)
parallel and 155 mm (6 in.) crossing;

c) Racking nethods and techniques for cable routing
and splice cases;

_ d) Tunnel access for personnel and material, crossing
poi nts and corners;

e) Requirenments for conduits;

57



M L- HDBK- 1012/ 3

AN

Z ot
0 7 /‘"/

SLOPE SHALL BE
<1 0mm./m. (125 in./1t.)

MANHOLE

Figure 17
Entrance Duct Drai nage

58




M L- HDBK- 1012/ 3

f) Year round access; and
g) The presence of asbestos on utility service pipes

If conduit is installed in a tunnel as a pathway for
backbone cabling factors such as fill ratio and pull/splice
poi nts nust be addressed. Limtations on |engths, bends, and
separations are delineated in NFPA 70. EIA TIA 569 and EIA/ TI A
472B, Fi ber Optic Communi cati on Cabl es for Underground and Buried
Use provide I nformation regardi ng pl acenent of backbone cables in
the tunnel environnent.

1.8.4.4 Aeri al

a) The aerial backbone support structure is the | east
desirabl e nethod for routing cabl es between buil di ngs because of
the foll om ng consi derations:

(1) Hghinitial costs associated with pole
pl acenent ;

(2) Subject to danage because of extrene
envi ronnment al conditi ons;

(3) Subject to damage because of casua
negl i gence;

(4) Higher maintenance requirenents versus ot her
met hods;

(5) Poor aesthetic quality; and

(6) The installation of aerial utilities is
usual ly prohibited on facilities where airfields or helicopter
pads are | ocat ed.

b) If aerial routing of a backbone cable is the only
met hod avail able or use of an existing pole line is directed by
t he cogni zant authority, the RCDD must consider several factors.
These factors include:

(1) Vertical clearance to the grade surface;

(2) Existing fill of the pole Iine by type,
quantity, and services of other cables on poles;

(3) Separation clearances from ot her cables on
pol es;
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(4) Span lengths should not to exceed 33 m (100);
(5) WMaterial condition of existing poles;

(6) CQuying requirenents; and

(7) Building attachnents and service entry.

c) Wen routing backbone cable over an aerial pathway,
the RCDD nust account for a wi de range of vertical clearances.
Tel ecomruni cati on cabl e cl earances as established in NFPA 70 are:

(1) 1.01 m(40 in.) below power cables at the
power pol e;

(2) .305 m(12 in.) below power cables at m d-span
under sag conditions;

(3) .103 m(4 in.) horizontally at building
attachnent ;

(4) .305 m(12 in.) vertically at building
attachnent ;

(5 5.5m (18 ft.) vertically above a street or
driveway, higher if normal vehicle traffic exceeds this height;

(6) 3 m(9.5 ft.) above pedestrian traffic;
(7) 2.44 m (8 ft.) above crossed rooftops;
(8 8.23 m(27 ft.) above railroad tracks; and

(9) 1.83 m(6 ft.) parallel to rooftop conductors
such as antennas, etc.

d) It is necessary to ensure that poles to be used in
the aerial pathway are materially sound enough to support the
installation size and physical support requirenents. As new
cables are added to pole lines, additional guy wires are required
at each turn and at the beginning and end poles to ensure proper
bal anci ng of pathway stress points. Copper cable selected for
pl acenment on aerial pathways should be manufactured to REA PE-22
or REA PE-38, Self Supporting Cable standards. Fiber optic cable
shoul d be tight buffered, |oose tube with an outside sheath
manuf actured to w thstand conti nued exposure to ultraviolet |ight
deterioration. |Installation of copper cable over 100 pair should
be installed on separate support strands. Fiber optic cable and
copper cable under 100 pair can be installed wth individual
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support strands or nay be |lashed to existing cables if the poles
and strands are rated to support additional cable weight. Wen
installing fiber optic cable, service loops of 8.2 mto 17 m
(25 ft. to 50 ft.) should be placed every 100 m (300 ft.) al ong
the pole line. Aerial support structure engineering, design,
and construction information can be obtained fromElI A TI A 569,

Bl CSI Manual, Chapters 2 and 21, and the foll owi ng REA TE&CMs;
602, C earances, 605, Right of Way C earances, 611, Pol e Lines,
626, Staking, 630, Design of Overhead Lines, and 635,
Construction of Overhead Lines.

1.9 Equi prent Room and Entrance Facility. Equi pnent room
is the designation given to the specific tel ecomruni cations

cl oset where the building' s tel econmunications, e.g., PBX
conputing, main cross connects, and video equi pnent are | ocated.
See Figure 18. The entrance facility of a building represents
the transition point between the external distribution backbone
and the building distribution systemand is the point where

out side cables comng fromthe service entrance are term nated
and protected. In many instances the two functions nay be
incorporated within the same room The design elenents for each
roomare basically the sane. For the purposes of this handbook,
the term "equi pnent roont has been selected to represent the
design elenents for both functions. The equi pnment room shoul d be
of sufficient size to accommopdate cable distribution points such
as backboards, term nal blocks, fiber optic distribution centers,
splice cases, etc., electronic interface equipnent, digital
switching system (DSS), fiber optic interface/transm ssion

equi pnent, LAN bridges, routers, nultiple access units, etc.,
line interface units (LIUs), channel banks, and multipl exing

equi pnent as required. The equi pnmrent room can be a m xture of

i ndividual or integrated functions necessary to provide

i nformati on support services to the building. The critical

desi gn el enents associated with an equi pnent roomare: |ocation,
si ze, physical |ayout, power, isolated ground, and environnental
conditioning. Size entrance ducts are shown in Exanple Six.
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EXAMPLE SI X
DETERM NI NG ENTRANCE DUCT REQUI REMENTS

Entrance ducts to support buried or underground cables entering a
bui | di ng shoul d never be less than 103 mMmm (4 in.) in dianeter.
Havi ng determ ned the size of the copper entrance cable or

cabl es, determ ne the outside dianmeters of the cables by
consulting a manufacturer or authorized dealer. Duct fill ratios
shoul d be in accordance with NFPA 70 as restated in par.
1.5.1.3.c). Use the table below to determ ne nunber of entrance
ducts required for the size of copper cables being installed. An
addi tional duct for fiber optic cables and one spare duct for
future tel ecommuni cations use should be added to the nunber of
entrance ducts required for copper cable to determ ne m ni num
nunber of tel econmunications ducts required. Provide

t el ecomruni cations duct requirenents to the electrical estinmator.

Nunber of Nunber of 103 mm (4 in.) Ducts for:
Copper Pairs Copper Fi ber Spar e
Less than 1000 1 1 1
1000 - 2000 2 1 1
2000 - 3000 3 1 1
3000 - 5000 4 1 1
5000 - 7000 5 1 1
7000 - 9000 6 1 1
1.9.1 Equi pmrent Room Locati on

a) Selection of the equipnent roomlocation is
critical to the successful inplenentation of a functional
t el ecomuni cations distribution design. The equi pnent room
shoul d be | ocated as cl ose as possible to the cable service
entrance point and the vertical distribution pathways. Cables
entering the building via the service entrance are rated for
out si de use and are not |ow snoke rated cables. As such they are
[imted by NFPA 70 to a length of 50 ft. wthin the building
unless run in rigid conduit. The cable sheath is to be grounded
as soon as possi ble upon entering the building to reduce the
spread of |ightning-induced currents within the building. Copper
cables are to be termnated in the entrance facility on a
conposite gas and heat coil protector
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b) The equi pnent room shoul d al so have conti nuous HVAC
sized to accommopdate the equi pnent installed and nust have access
to adequate electrical service. EIA TIA 569 recommends that
bui | di ngs havi ng 2000 sq. m (20,000 sq. ft.) or greater of usable
fl oor space, should have a designated equi pnent room \Wen there
is less than 2000 sq. m (20,000 sq. ft.) of usable floor space a
dedi cated closet may suffice. The final determ nation should be
based on the connectivity and hardware requirenents of the
building and its tenants. Wen determning the |ocation of the
equi pnent room EI A/ TI A 569 recommends consi deration be given to
the follow ng factors:

_ (1) Area nust be free of potential water
infiltration. Avoid boiler roons, washroons, janitor's cl osets,
area bel ow bat hroons, spaces with steam pi pes, drains, etc.;

(2) Avoid areas which will restrict expansion or
growh of the facility;

(3) Avoid areas which include, or are adjacent to,
hi gh vi bration or excessively noisy equi prment;

(4) Do not allow the selected space be used as a
storage area for itens not directly associated with the function
of the space (cleaning supplies, paper products, grounds-keeping
equi pnent and material, conbustible dust, or fuels); and

(5) Avoid spaces collocated with or adjacent to
equi pnent with high EM ratings, such as el evators, door openers,
copiers, transfornmers, industrial equipnent, etc.

c) The equi pnent room nust provi de adequate fl oor
space to support the initial installation of new systens and be
capabl e of managed growth over the useful life of the building.
To properly size an equi pnrent room the RCDD nust obtain a
detailed listing of space requirenments for equi pnent, support
mat eri al s, backboards, term nal bl ocks, various environnental,
security, and fire alarm panels and adm ni strative and
mai nt enance functions that the claimant organi zation(s) or
equi pnent vendors intend to locate in the equi pnent room This
listing nust identify the physical requirenments of the equi pnent
such as di nensi ons, weight, power requirenents, heat dissipation
(in Btu's), installation nethods, whether wall nount, fl oor
cabinets, or racks, and OSHA and NFPA 70 egress and personnel
wor k cl earances. The environnmental information and di mensions
are readily obtainable fromthe manufacturer or suppliers of the
equi pnent .
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d) EIATIA 569, Table 8.2-2, stipulates a m ni num
15 sq. m (150 sq. ft.) for an equi pnent roomfor buildings wth
up to 100 termnals or stations. This figure is adjustable to
custom ze requirenents. EIA TIA 569, Table 9.5-2 offers m ni num
equi pnment room si ze recommendati ons based on buil ding gross
square footage. Each of these tables provides suggested m ni nuns
and it is incunbent upon the RCDD to ensure sufficient space is
made avail able for the equi pnment roomto neet the initial and
grow h requirenents of the building. Roomceiling clearance,
wi t hout obstructions, should be a mnimumof 2.7 m(8 ft.).
Fl oor pl anning (equi pnment and material placenent within the room
shoul d be prem sed on two elenents. The first establishes the
collocation of integrated or |ike functions of equi pnment or
systens installed in the room The second el enent considers
cabl e ingress and egress signal flow Distribution planning
should m nimze cable | engths and crossovers of interconnecting
cables within the room

1.9.2 Equi prent Room Suppl enent ary Desi gn Consi derati ons.
Structuring an equi pnent roominvolves nore than floor planning
and space allocation. It includes details such as room access

vi a doubl e doors for equipnent and installation material, access
to building services, e.g., elevators, hallways and | oadi ng
docks, lighting, fire protection, physical and el ectronic
security, HVAC, electrical requirenents, and structural

consi derati ons.

1.9.2.1 Access. Doors to an equi pnment room should be a m ni mum
1 m(36 in. ) wide, 2.5 m (80 in.) high, |Iockable, and open
outward. |If possible, a double door entry point is recomended.
It is inportant to have ready access fromthe equi pnment roomto
service elevators, |oading docks, and hallways to facilitate the
transportati on of heavy equi pnent, cabinets, and racks to the
roomduring initial and add-on installations.

1.9.2.2 Lighting. EIA/ TIA 569, recommends a m ninmum|ighting
specification of 540 I m (50 footcandl es) neasured at 1 m (3 ft.)
AFF. Lighting should be controlled by one or nore switches

| ocated next to entry and exit door(s) to the room and equi pped
wi th occupancy sensors if not manned full tine. Positioning of
lighting fixtures should be no less than 2.7 m(8 ft.) above the
fl oor and configured to provide maxi mumlight coverage to work
areas around equi pnent cabinets or racks. Too often |ight
fixture positioning provides the requisite |ight coverage for an
enpty room and when cabinets or racks are installed the |ight
coverage is reduced. The RCDD needs to provide equi pnent | ayout
information to the facility design engineer(s) to ensure adequate
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I ight coverage of working areas. Enmergency lighting and exit
signs should be installed to accommodat e energency egress from
the room

1.9.2.3 Fire and Security. Fire protection should be in
accordance wth Tocal codes. As a mnimum at |east two CO, or
dry chem cal portable fire extinguishers should be |ocated in the
room One should be | ocated near the entry and exit doors and
the other near a high traffic area in the room Physi cal
security of the space should include | ockable doors. Additional
security considerations such as key card or cipher lock entry
shoul d be at the discretion of the claimnt organi zation. Refer
to M L-HDBK-1008B, Fire Protection for Facilities Engi neering,
Design and Construction for fire protection requirenents.

1.9.3 Equi prent Room Environnental Consi derations. The

equi pnent room shoul d be environnentally stable 24 hours a day,
365 days a year. The RCDD is not usually required to devel op
detail ed engi neering design or installation cost estimates for

el ectrical or HVAC services. The RCDD shoul d, however, provide
t he equi pnment and roomrequirenents to the electrical and HVAC
engi neers for inclusion in the overall service design. The

equi pnent specification and configuration data established by
par. 1.8.5.2 nmust be provided to the HVAC and el ectri cal

engi neers to ensure adequate sizing of air handling or heating
units and power availability. Tenperature and humdity controls
shoul d be | ocated within the equi pnent room |In npbst cases,

equi pnent specifications will identify environnental requirenents
for optinmum performance results. However, if individual

equi pnent or systens data is not available then EIA/ TI A 569,

par. 8.2.3.6 suggests the follow ng standards:

Tenperature Range: Low - 18 degrees C/ 64 degrees F
High - 24 degrees C/ 75 degrees F

Hum di ty Range: Low - 30 percent
Hi gh - 55 percent

Anbi ent tenperature and hum dity neasurenents shoul d be
performed at a level of 1.7 m (5 ft.) above the floor, along a
centerline between equipnment, and with all equi pnment operating.
| f batteries are required, ensure adequate ventilation in
accordance with OSHA regul ati ons and | ocal codes.

1.9.4 Equi prent Room El ectrical Considerations. The

equi pnent room should be provided with its own electrical service
panel and isol ated ground. Wen backup power is available within
the building, a separate service panel connected to the backup
power should be provided in the equi prent room Electrical
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di stribution panel sizing is based on anperage service and
circuit breaker quantity. The RCDD should ensure el ectrical
service panels are sized to provide for expansion of the

equi pnment room service by specifying a m ni mum oversizing of 50
percent (e.g., if the baseline electrical requirenents are 100
anperes and 24 circuit breakers, specify 150 anperes and 36
circuit breakers). [If it is within budget and buil ding service
availability, 100 percent oversizing is preferable. Each

equi pnent cabi net or rack should be assigned its own circuit
breaker rated to neet the current |oad of the equipnent within

t he cabinet. Each cabinet should be | abeled front and back with
t he panel nunber and the circuit breaker assignment. Power
strips, with sufficient outlets to accommbdate the equi pnent
assigned plus two for portable test equi pnent and tools, should
be installed in the cabinet. 1In addition to the outlets
avai l able within the equi pnent cabi nets, dual receptacle wall
outl ets should be placed around the room NFPA 70, Section
210-52 and EIA/TIA 569, par. 9.5.5.6.1 establish a m ni nrum of
1.83 m(6 ft.) between receptacles. Wall outlets should be

pl aced 155 mm (6 in.) above the floor. At |east one wall outlet
shoul d be connected to the backup power service panel if
available. It is recommended that backup power facilities
(generators, uninterruptible power supply (UPS), etc.,) be

provi sioned with an automatic switching and filtering capability
to preclude | oss of service or transient danmage to the electronic
equi pnent .

1.9.5 Equi prent Room Structural Considerations. The

mul titude of installation options for electronic equi pnent and
cable routing in an equi pnent roomrequire the RCDD to ensure the
roomw || structurally acconmodate nost installation practices.
Structural considerations consist of floor type, wall nounting,
and interior cable nmanagenent support.

1.9.5.1 Flooring. Two primary types of flooring are used in
equi pnent roons: access floors and concrete floors which are
usually either covered with antistatic tile or painted. Details
regardi ng access flooring are described in par. 1.5.1.1.f) of

t hi s handbook. Determining the selection of the floor type is
dependent upon several factors. The first elenent to be
considered is the volunme and flexibility requirenments of the
cabling to be routed within the room |If the clai mant

antici pates extensive growh of systens over the life cycle of
the room or the probability of routine access to the cable

pat hways is high, then it is recommended that an access floor be
used. Information affecting | oad bearing conputations for the
equi pnent, cabinets, and cable should be provided to the
structural engineer for inclusion in new building design. Wen
an equi pnent roomis being planned for a renovated building, the
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RCDD shoul d verify floor |oading capacities with the structural
engi neer. EIATIA 569 recommends 250 | b/sq. ft. for distributed
wei ght | oad and 1000 I b/sqg. ft. for concentrated |oad. Carpeting
for access floor covers or concrete floors is not reconmended
because of the potential for dust and static buil dup.

1.9.5.2 Wal l's. Equi pnent roomwal |l s shoul d be concrete or
drywal I mounted to 103 mm (4 in.) studs. To support wall-nounted
el ectroni ¢ equi pnent or cabl e managenent systens (term nation

bl ocks, Drings, etc.,) an A-C plywod backboard nust be nounted
to the wall. The backboard should be a mninmum 21 mm (3/4 in.)
thick. It should be attached to walls with 10 nm by 78 nm

(3/8 in. by 3 in.) toggle bolts or 10 mm (3/8 in.) drop-in
anchors with 10 nmby 388 mm (3/8 in. by 1-1/4 in.) bolts with
fender washers. The plywood should be painted with two coats of
light colored fire retardant paint. Care should be taken not to
paint over the fire rating stanp. EIA TIA 569 recommends a

m ni mum of two walls be covered with plywod 8 feet high.

El A/ TI A 569, Table 9.5-1 provides m ni mumreconmended wal |l space
based on building gross floor space. For equi pnment roons
occupi ed by personnel for extended periods on a daily basis,
provi sion of a sound absorbing wall covering should be
considered. Wall colors should be light in color and hue to
enhance room | i ghti ng.

1.9.5.3 Cabl e Managenent Support. The volunme and types of
cables to be routed wthin an equi pnment roomsignificantly affect
the RCDD s sel ection of cable managenent support structures.

Al nost all the various nmethods for cable routing wthin the

buil ding (tray, access floors, wall nounting, etc.,) are
applicable to the equi pnent room Descriptions of the various
met hods are provided in par. 1.5 of this handbook. The equi pnent
room nust accommodate vertical, horizontal, and external backbone
and distribution cables and support structures. It is
recomended that |ike cables be grouped by function, voice, data,
and fiber optic. Wwen it is cost prohibitive to install an
access floor, the roomshould have a matrixed tray distribution
design to ensure maximumflexibility of cable routing in an
organi zed nmanner.

1.10 Tel ecomruni cati ons Groundi ng and Protection. The RCDD
is also responsible for designing the single-point ground system
wi thin and between the tel ecommunications closets in accordance
with EIA/TIA 607. The variety of grounding requirenents
associated wth the installation of a tel ecommunications system
within a building are founded on two principles. The first is to
provi de personnel and equi pnent protection fromelectrical surges
or transient voltages due to external sources such as |ightning,
equi prent failures, shorts, power inductance, etc. The second

68



M L- HDBK- 1012/ 3

reason for the application of grounding principles is to reduce
the effect of EM and radio frequency interference (RFl).

NFPA 70, Section 800, EIA/TIA 569, BICSI Mnual, Chapter 6,

FML1- 490-9, M L-HDBK-232, and M L-HDBK-419, G oundi ng, Bondi ng,
and Shielding for Electronic Equi pnents and Facilities
Applications delineate the nethodol ogi es and requirements for
groundi ng of cable, conduit, tray, cabinets, and the building
structure. Extensive requirenments are associated with devel opi ng
a facility ground system The RCDD, while not usually required
to devel op the detail ed building ground system design, should be
wel |l versed in the requirenents of the referenced gui dance
instructions and be prepared to offer assistance to ensure the
nmost effective comruni cations groundi ng systemis nmade avail abl e.
As discussed in par. 1.9.1, conductive cables entering a building
must have their shields grounded and be provided fused
protection, or be connected via an insulated joint, as close to
the service entrance as possible. This is generally acconplished
t hrough the use of protectors as qualified by UL 497, Safety
Protectors for Paired Conductor Conmmunication Circuits (primary),
and UL 497A, Safety Secondary Protectors for Conmmuni cati on
Crcuits (secondary). Equipnment cabinets, trays, conduit, duct,
etc., shall be bonded together with ground | eads connected
directly to the building ground or the electrical panel ground,
whi chever is closer. Connection via a 6 AWcwre is recomended.
Bondi ng shall be acconplished using approved bondi ng net hods for
the application. It is recommended that copper buss be provided
i n equi pnment cabinets and power panels to facilitate the
groundi ng and bondi ng of tel ecommuni cation equi pnment and cabl es.

I n manhol es, splice cases, and other netal itens are to be bonded
to a ground rod driven a mnimum6 ft. into the ground. |In areas
where cable may be exposed to lightning strike, particularly
aerial cable, a separate lightning rod with independent ground
pathway will be installed and |located at least 2 m(6 ft.) from
the cable or cable entry point to the buil ding.

The transfer rate, or operating speed, of
t el ecomruni cati on accel erates with each passing year. As these
data rates increase, they becone nore susceptible to EM and RFI
To hel p reduce the effect of EM and RFI, it is reconmmended that
exposed cabl es be specified to include shielding and a drain
wire. An exposed cable is defined as a cable which may be
subjected to |ightning, power crosses, power induction, or
differences in ground potential. A cable shieldis a netallic
covering of an insulated conductor, cable core, or group of
conductors within a cable core. A drain wire is a non-insul ated
wre |ocated within a cable sheath and adjacent to the shield or
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screen. The drain wire nmakes groundi ng and bondi ng of the
shields easier. Shields and drain wires shall be bonded together
in splices and to the building grounds at each end of the cable.

To mnimze the possibility that el ectronic equipnent
| ocated on various floors may be operating at different ground
potentials, a single point ground system shall be established. A
separ ate copper ground cable, 6 AWG or larger, as specified by
El A/ TI A 607, shall be run adjacent to the vertical copper
backbone cabl es and extended to each tel econmuni cati ons cl oset
where it shall be termnated on a bus bar. The bus bar shal
al so be connected to structural ground where possible. Wthin
each cl oset, racks and cabinets shall be connected to the bus
bar. At the entrance roomthe single point ground cable shall be
grounded by extending the cable (systemground) wthin a 16 mm
(/2 in.) EMI conduit to the main electrical panel and connecting
the cable to the panel ground (service entrance ground). Do not
connect to the neutral conductor.
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Bl BLI OGRAPHY
Airfield Manhol e Pl ates, NFGS- 16560

AT&T Qutside Plant (OSP) Construction, Safety , Tools, General,
Article 010-100-011 Rescue of Enpl oyee from Manhol e

010-100- 013 Rescue of Enployee fromlLive Wre on G ound

081- 215-100 Manhol e Shi el ds

081- 300- 100 Manhol e Pl atform Support

081- 310- 103 Manhol e Tent

081-520- 100 Manhol e Sheave

620- 040- 014 OSP Synbol s

AT&T Qutside Plant (OSP) Construction, Safety , Tools, Ceneral
620- 140-501 Testing and Ventil ating Manhol es
620- 150- 010 Manhol e Covers - Renovi ng/ Repl aci ng

Boots, Electrical Hazard Protective (Men's Safety), A-A-1946 8/81

Cabl e Bondi ng and G oundi ng - Underground Cabl e in Manhol es,
GTE 605-100- 202

Cabl es, Fiber Optic, Heavy Duty, Ruggedized Wth Non-Metallic
Sheat hi ng Rodent Protection, GEL Filling and Fl oodi ng
Conmpound (Metric), DOD C 85045/5A

Cabl es, Fiber Optic, Heavy Duty, Ruggedized Wth Steel Sheathing
Rodent Protection, GEL Filling and Fl oodi ng Conpound
(Metric), DOD C-85045/4A

Centralized Optical Fiber Cabling CGuidelines, TIA ElA
Tel ecommuni cations Bulletin TSB72

Conduit and Conduit Fittings Plastic, R gid, Fed. Spec. WC 1094A

Conduit and Fittings; Non-Metallic, Rigid, Bitumnized Fiber,
Lam nated Wall, Fed. Spec. WC-575B

Conduit and Fittings, Non-Metal, Rigid; Asbestos-Cenent or Fire
Clay Cenent, (for Electrical Purposes),
Fed. Spec. WC571C

Conduit and Manhol e Precautions, GIE 622-025-010

Conduit and Manhol es - Standard Formations, GIE 622-020-200

Conduit, Flexible, Watherproof, and Associated Fittings,
M L- C- 24758 (SH)
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Conduit, Metal, R gid (Electrical, A um nun),
Fed. Spec. WWM C 540A

Conduit CQutlet Boxes, Bodies, and Entrance Caps, Electrical:
Cast Metal, Fed. Spec. WC 586D

Coupling Installations, Standard Conduit, Electrical, AND10380

Design and Construction of Underground Cabl e (Physical Plant),
Section 644, REA TE&CM

Desi gn Handbook for Fiber Optic Comruni cations Systens,
M L- HDBK- 415

Detail Specification for 62.5 um Core Di aneter/ 125 um C addi ng
Dianeter Class |la Miultinode, Graded I ndex Opti cal
Wavegui de Fi bers, ANSI/EIA Tl A-492AAAA 2/ 89

Detail Specification for 62.5um Core D aneter/125um O addi ng
D aneter Class |A Miltinode, G aded | ndex Opti cal
Wavegui de Fi bers, FIPS PUB 159

Doors, Hatches, Scuttles, Energency Escape Panel s and Manhol es,
NAVSEA S9AAC- AB- GOS- 010- 624

Electrical D stribution System Aerial, CEGS 16370

El ectrical Plastic Tubing (EPT) and Conduit (EPC-40 and EPC-80),
NEMA TC 2

El ectrical Protection by Effective G ounding of Cable Shields,
Section 817, REA TE&CM

El ectrical Protection G ounding Fundanental s, Section 802,
REA TE&CM

El ectrical Protection of Aerial Cable, Section 815, REA TE&CM
EPS for Real Property Management - Electric - Electroni c Handbook
Chapter 10, Service/D stribution - Mnhol es,
NAVFAC P-703.0

Extra-Strength PVC Plastic Utilities Duct for Underground
Install ation, NEMA TC 8

Fiber Distributed Data Interface (FDDI) Token Ri ng Medi a Access
Control (MAC), ANSI X3.139
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Fiber Distributed Data Interface (FDDI) - Token Ri ng Physi cal
Layer Medi um Dependent (PMD), ANSI X3.166
Fi ber Optic Comuni cati ons Cabl es and Connectors, USA FM 11-487-5
Fi ber Optic, Data Transm ssion for Exterior System NFGS-16745
Fi ber Optic Data Transm ssion System for EMCS, CEGS-16795

Fi ber Optic Qutside Plant Communi cations Cabl e,
| CEA S- 87-640- 1992

Fi ber Optic Prem ses Distribution Cable, |ICEA S-83-596
Fi ber Optics Data Transm ssion for Interior System NFGS-16744

Fi ber Optics Data Transm ssion Media for Security Systens,
CEGS 16754

Fi ber Optic Synbols, M L-STD | 864A
Fi ber Optic Systens Design, ML-STD 2052 (SH)
Fi ber Optic Test Methods and Instrunentation, DOD STD-1678

Fi ber Optic Topol ogy Operation, Mintenance and Repair,
NSTM Chapt er 408, NAVSEA S9086- NX- STM xxXx

Fi rest oppi ng, CEGS 07270,
Fi rest oppi ng, NFGS-07270

Fittings for ABS and PVC Plastic Utilities Duct for Underground
Installation, NEMA TC 9

Fittings for Cable, Power, Electrical and Conduit, Metal
Fl exi bl e, Fed. Spec. WF-406E

Fittings for Conduit, Metal Rigid (Thick Wall and Thin Wall ( EM)
Type), Fed. Spec. WF-408E

Fittings for Conduits and Qutl et Boxes, UL-514B
FOTP- 13 Vi sual and Mechani cal |nspection of Fiber, Cables,

Connectors and/or Ot her Fiber Optic Devices,
ANSI / EI A/ TI A- 455- 13
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FOTP- 60 Measurenent of Fiber or Cable Length Using an OIDR,
ANSI / EI A/ Tl A- 455- 60

FOTP- 61 Measurenent of Fiber or Cable Attenuation Using an OIDR
ANSI / EI A/ Tl A- 455-61

FOTP- 63 Torsion Test for Optical Wavegui de Fi ber,
ANSI / EI A/ Tl A- 455- 63

Franme, Covers, Gating, Steps, Sunp and Catch Basin, Mnhol e,
Fed. Spec. RR-F621

Generic Specification for Fiber Optic Cables, ANSI/EI A TIA 472

CGeneric Specification for Fiber Optic Connectors,
ANSI / EI A/ TI A- 4750000- A

CGeneric Specification for Fiber Optic Term nal Devices,
ANSI / EI A/ TI A- 509

d ossary, Fiber Optic, (Metric), ML-STD 2196 (SH)
G oundi ng and Bondi ng Equi pnent, UL-467

Gui dance for the Design and Test of Systens Protected Against the
Ef fects of El ectromagnetic Energy, M L-HDBK-253

High Altitude El ectromagnetic Pul se (HEMP) Protection for Fixed
and Transportable G ound Based C41 Facilities - Volune 1,
Fi xed Facilities, M L-HDBK-423

| EEE St andard Definitions of Terns Relating to Fiber Optics,
| EEE STD 812

I nfformation Systens - Fiber Distributed Data Interface (FDDI) -
Token Ri ng Physical Layer Protocol (PHY), ANSI X3.148

Install ati on Requirenments for Lightning Protection Systens,
UL 96

I nterface Designs and Di nensions for Fiber Optic Interconnection
Devi ces, M L-STD- 1863

Interfaces for Hi gh Capacity C3 Local Area Networks,
M L- STD- 1779 ( USAF)

| nternedi ate Metal Conduit, UL 1242
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I nteroperability and Performance Standards for Fiber Optic
Comruni cations Systenms, M L-STD-188-111
Li ghtning Protection Code, NFPA 780
Li ghtning Protection Conponents, UL 96

Li ghtning Protection, G ounding, Bonding and Shiel ding
Requirenments for Facilities, FAA-STD 019b

Li ghtning Protection System CEGS 16670

Li ghtning Protection System NFGS-16670A

Local and Metropolitan Area Networks - Media Access Control (MAC)
Bridging of Ethernet V2.0 in 802 Local Area Networks,
| EEE STD 802. 1H (Draft)

Local Area Networks (LAN), USA CCE EP 1110-3-7

Manhol e Adj usting Rings, GIE 622-507-201

Manhol e Construction - Concrete Floors, GIE 622-500-203

Manhol e Covers - Renoving and Repl aci ng Met hods, GTE 603-050-010

Manhol e Ladder Hook - Description and Use, GITE 075-225-110

Manhol e or Central O fice Cable Vault Menbers and Fittings -
Descri ption, GIE 622-705-100

Manhol e or Central O fice Cable Vault Menbers and Fittings -
Installation, GIE 622-705-200

Manhol e Pl ates, NFGS-L-16301

Manhol e - Repairing, GIE 622-500- 300

Manhol es and Pull Boxes - Nunbering, GTE 622-508-200
Manhol es, Concrete Roofs - Construction, GIE 622-500-202
Manhol es, Concrete Walls - Construction, GIE 622-500-201
Manhol es - Hardware, GIE 622-500-204

Manhol es, Precast - Installation, GIE 622-501-200
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Manhol es, Trunk and Exchange Loadi ng - Description,
GIE 622-500-101

Manhol e Work Lanp Nel son - Fluorescent - 12 Volt - Description
and Use, GIE 081-240 100

Model s XLS 1-1/2A and XLS 1-1/2-4 Portabl e Manhol e Punps,
GTE 081-615-102

Naval Shore Electronics Criteria, D gital Conputer Systens, VI,
Facility Pl anni ng Consi derations Chapter 4, G ounding
Systens, NAVELEX 0101, 111

Naval Shore Electronics Criteria EMC and El ectromagneti ¢ RADHAZ,
Instal |l ati on Consi derations, Chapter 7 G ounding
El ectroni c Systens, NAVELEX 0101, 106

Naval Shore Electronics Criteria HF Radi o Propagati on and
Facility Site Selection, Chapter 3, Gound Wave
Propagati on, NAVELEX 0101, 103

Naval Shore Electronics Criteria, Installation Standards and
Practices, Chapter 11, Aerial RF Transm ssion Lines
G oundi ng and Bondi ng, NAVELEX 0101,110

Naval Shore Electronics Criteria, Naval Training Facilities,
Appendi x E, Lightning Protection, NAVELEX 0101, 109

Naval Shore Electronics Criteria, Naval Training Facilities
Chapter 5, Optical Systenms, NAVELEX 0101, 109

Naval Shore Electronics Criteria, NSG El enents, Chapter 8
G oundi ng and Bondi ng, NAVELEX 0101, 108

Cccupational and Educational Eye and Face Protection, ANSI Z87.1

Open Flanes in Manhol es - Procedures, GIE 628-025-d5

Optical Fiber Interface That May Be Enpl oyed for Synchronous or
Asynchronous, Point-to-Point |Interconnection of Digital
Equi prent, ANSI/ EI A/ TI A- 533

Qutside Plant Cable Pl acenent Cable Installation, USA FM 11-372-2

Personnel Protection Equi pnent, NSTM Chapter 077,
NAVSEA S9086- CL- STM 010

Pole Plates (Aerial), NFGS-L-16302
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Pol yet hyl ene Sheath Cabl e Installation in Manhol es,
GIE 628-125-200

Pol yvinyl Chloride (PVC) Externally Coated Gal vani zed R gid Steel
Conduit and Internmediate Metal Conduit, NEVMA RN 1

Port abl e Manhol e Ladder - Description and Use, GIE 075-225-102
Portabl e 12-vVDC Manhol e Punp, GIE 081-615-104

Precast Manhol es - Description, GIE 622-501-100

Precast Reinforced Concrete Manhol e Sections, ASTM C478

Protection of Buried Steel Piping and Steel Bul khead Ti e Rods,
NFGS- 09809

Pul | er, Sl ack, Cable, Manhole - Petco Model 8 - Description and
Use, GTE 081-325-101

PVC and ABS Plastic Utilities Duct for Underground Installation,
NEMA TC 6

PVC Fittings for Use with Rigid PVC Conduit and Tubing, NEMA TC 3

Renovi ng Petrol eum Products from Manhol es and Under ground Condui t
Syst ens, GTE 603-009- 500

Rigid Metal Conduit, UL 6

Safety and Heal th Requirenents Manual Personnel Safety and
Protective Equi prent, USA COE EM 385-1-1

Saf e Worki ng Met hods - Renoving and Repl aci ng Manhol e Covers - EZ
Lift - Lifting Tool, GIE 603-050-011

Sectional Specification for Fiber Optic Conmuni cation Cables for
| ndoor Use, ANSI/EIA TIA-472C

Sectional Specification for Fiber Optic Conmuni cation Cables for
Qut si de Tel ephone Pl ant Use, ANSI/EIA TIA- 472D

Sectional Specification for Fiber Optic Conmuni cation Cables for
Under ground and Buried Use, ANSI/ElIA TIA-472B

Sewer and Manhole Brick (Made from d ay or Shale), ASTM C32
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Snoot h-VWal | Pol yvinyl Chloride(PVC) Conduit and Fittings for
Underground Install ation, ASTM F512

SOWfor Base Information Transfer System (BITS) - Qutside/lnside
Pl ant and Fi ber Optic Media Transm ssion Facilities,
NCTC 10P93A

Specification for Joints for Concrete Pipe, Manhol es, and Precast
Box Sections Using Preforned Flexible Joint Seal ants,
ASTM C990

Specification for Total Filled Fiber Optic Cable, (PE-90),
REA Bul l etin 345-90

Specifications and Drawi ngs for Conduit and Manhol e Construction,
REA Bul | etin 345-151

Specifications and Drawi ngs for Underground Cable Installation,
REA Bul |l etin 345-152

Specifications and Draw ngs for Construction of Pole Lines,
Aerial Cables, and Wres, REA Bulletin 345-153

Specifications for Service Entrance and Station Protection
Installation, REA Bulletin 345-154

Splicing Arrangenents in Manholes - Installation, GIE 628-125-202

Standard for Service Entrance and Station Protector
Install ati ons, REA Bulletin 345-52

Standard Installation Practices, Fiber Optic Comrunication Cabl es
and Connectors, (see USA FM 11-487-5), USAF TO 31-10-34

Standard Installation Practices, Qutside Plant Cable Splicing
Aerial Splice Locations, USA FM 11-372-1

Static Electricity Protection System CEGS 16665
Synbol s and Abbreviations - Conduit and Manhol es, GTE 018-000- 004

Technical Interface Specifications for Joint Interoperability Via
Fi ber Optic Cable, JTC3A Specification 9109C
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Tel ecomruni cati ons Engi neering, Qutside Plant Tel ephone, Part 2 -
Desi gn Consi derations for Cable and Wre Facilities,
USA FM 11-486-5
Chapter 5 - Coaxial and Fiber Optic Cable Facilities
Chapter 7 - Underground Conduit and cabl e Pl ant
Chapter 8 - Aerial Cable Plant

Tel ecommuni cations, Part 1910.268 (0) (1) through (3),
Tel ecommuni cati ons - Underground Lines - Manhole Safety,
CFR Title 29 Labor, Chapter XVil, OSHA

Test for Flame Propagation and Snoke Density Val ues for
El ectrical and Optical Fiber Cables Used in Spaces
Transporting Environnmental Air, UL 910

Transi ent Protection, G ounding, Bonding and Shiel di ng
Requi renents for Electronic Equi pnent, FAA-STD- 020b

Under gr ound Conduit and Manhol e Desi gn and Construction,
Section 643, REA TE&CM

Under gr ound Manhol es and Cable Vaults - Testing and Ventil ation
Procedures, GIE 628-020-016

Voi ce/ Dat a Tel ephone Systens, Chapter 5, Gounding, TM 5-811-9
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APPENDI X A
DO S AND DON TS OF CATEGORY (CAT) 5 CABLI NG

Store the cable in a protected, noisture-free area.

Avoi d unnecessary bends.

Make all connections via patch panels or cross connect

1

2

3. Replace damaged cabl e.
4.

bl ocks.

5. Use insulation displacenent type connections. These can be
M66 or 110 type but nmust be certified to neet CAT 5
speci fications.

6. Use the sanme manufacturer's cabl e throughout.

7. Do not cinch cable ties tightly. Use Velcro straps, D rings
or simlar mechanical devices to support the cables within the
cl oset area.

8. Do not mx power and tel ecommunications in the sane tray
W t hout i nsul ated separators.

9. Label cables on both ends in accordance with EI A/ TI A 606.
10. Avoid sources of heat.

11. Avoid sources of EM.

12. Maintain a 6-in. separation fromfluorescent |ighting.

13. Maintain the sane TI A pin-out on cables throughout the
system

14. Conply wwth EIA/ TIA 568 CAT 5 term nation practi ces,
especially the mai ntenance of the factory twi st on each pair to
within 1/2 in. of the term nation point.

15. Foll ow Environnmental Protection Agency (EPA), building, and
fire codes. Firestop penetrations.
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APPENDI X A (Conti nued)
DO NOT:
1. Step on or kink the cable.

2. Exceed the maximumtensile |oading (pulling tension) of
25 | b during cable placenent.

3. Overstress the cable.

4. Exceed the bend radius or bend the cable beyond a 90-degree
angl e on turns.

5. Use staples for securing cables.
6. Overtighten cables ties or cords.

7. Route cables near EM noise sources, such as notors,
fluorescent lights, or power I|ines.

8. Run tel econmunications cables in raceways with power.

9. Mx cables fromdifferent manufacturers in the same circuit.
10. Use a conponent rated bel ow CAT 5.

11. Use screwtype term nations.

12. Splice, bridge tap, or otherwi se attenpt to repair cable.
13. Exceed the maxi num cable I ength of 100 m (328 ft.) for the
CAT 5 tel ecommuni cati ons channel, conprised of the patch cord,

wor kstation cord, and horizontal link, as specified in
El A/ TI A 568.
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REFERENCES

NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI S
HANDBOOK TO THE EXTENT SPECI FI ED HEREIN. USERS OF TH S HANDBOOK
SHOULD REFER TO THE LATEST REVI SI ONS OF Cl TED DOCUMENTS UNLESS
OTHERW SE DI RECTED.

FEDERAL/ M LI TARY SPECI FI CATI ONS, STANDARDS, BULLETI NS, HANDBOOKS,

AND NAVFAC GUI DE SPECI FI CATI ONS:

Unl ess otherw se indicated, copies are available fromthe Naval
Publ i shing and Printing Service Ofice (NPPSO), Standardization
Docunment Order Desk, Building 4D, 700 Robbi ns Avenue,

Phi | adel phia, PA 19111-5094.

HANDBOOKS

M L- HDBK- 232 RED BLACK Engi neering - Installation
Gui del i nes.

M L- HDBK- 419 G oundi ng, Bondi ng, and Shielding for
El ectroni c Equi pnments and Facilities
Appl i cati ons.

M L- HDBK- 420 Site Survey Handbook for
Tel ecommuni cations Facilities.

M L- HDBK- 1008B Fire Protection for Facilities
Engi neeri ng, Design and Construction.

M L- HDBK- 1035 Fam | y Housi ng.

M L- HDBK- 1036 Bachel or Quarters.

M L- HDBK- 1190 Facility Planning and Design Cuide.

M L- HDBK- 1191 Medi cal and Dental Treatnent Facilities

Design and Construction Criteri a,
Depart ment of Defense

OTHER GOVERNVENT DOCUMENTS AND PUBLI CATI ONS:

DCl 1/21 Physi cal Security Standards for
Sensitive Conpartnented |Information
Facilities.

(Unl ess otherw se indicated, copies available from Central
Intelligence Agency (Cl A), Washington, DC 20505.)
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FI PS- PUB- 174 Federal Buil ding Tel ecommuni cati ons
Wring Standard.

(Unl ess otherwi se indicated, copies are available fromU. S.
Depart ment of Commrerce, Gaithersburg, MD 20899.)

NAVELEX 0101/ 102 Naval Shore Electronics Criteri a,
NCS Desi gn, Chapter 12, Communi cati ons
El ectroni ¢ G oundi ng.

NACSI M 5203 Quidelines for Facility Design and RED
BLACK Install ation.

(Unl ess otherw se indicated, copies are avail able from Naval
Publ i shing and Printing Service Ofice (NPPSO), Standardization
Docunment Order Desk, Building 4D, 700 Robbi ns Avenue,

Phi | adel phia, PA 19111-5094; private organi zati ons nay purchase
fromthe Superintendent of Docunents, U S. Governnent Printing
O fice, Washington, DC 20402.)

USA FM 11-490-9 Communi cati ons-El ectronics Facilities:
Groundi ng, Bondi ng, and Shi el di ng.

(Unl ess otherwi se indicated, copies are available fromU S. Arny
Publ ications Distribution Center, 1655 Wodson Road, St. Louis,
MO 63114.)

NON- GOVERNMVENT  PUBLI CATI ONS

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI C2 Nati onal Electrical Safety Code.
(Unl ess otherwi se indicated, copies are available from Anmeri can
Nat i onal Standards Institute (ANSI), 11 W 42nd Street, New York,
New Yor k 10036.)
AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM E814 Fire Tests of Through-Penetration
Fire Stops.

(Unl ess otherw se indicated, copies are available from Anmeri can

Society for Testing and Materials (ASTM, 1916 Race Street,
Phi | adel phia, PA 19103-1187.)
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BUI LDI NG | NDUSTRY CONSULTANT SERVI CES | NTERNATI ONAL ( BI CSI)
Bl CSI Tel econmuni cations Distribution Methods (TDM Manual
Tel ecomruni cati ons Cabl e and Pat hway Design Paraneters and
Installation Practices.
(Unl ess otherw se indicated, copies are available from Buil di ng
| ndustry Consul tant Services International (BICSI), 10500 University
Center Drive, Suite 100, Tanpa, FL 33612-6415.)

ELECTRONI C | NDUSTRI ES ASSCCI ATI ON ( EI A)

EIA/TIA 472B Fi ber Optic Comuni cati on Cables for
Under ground and Buried Use.

El A/ TI A 526 Optical Power Loss Measurenents of
Installed Multinode Fi ber Cable Pl ant.

El A/ TI A 568 Comrerci al Buil di ng Tel ecomruni cati ons
Cabl i ng St andar d.

El A/ TI A 569 Pat hways and Spaces.

El A/ TI A 570 Resi dential and Light Conmerci al

Tel ecommuni cations Wring Standard.

El A/ TI A 606 Adm ni stration Standard for the
Tel ecommuni cati ons | nfrastructure of
Commer ci al Bui | di ngs.

El A/ TI A 607 Comrerci al Buil di ng G oundi ng and
Bondi ng Requi renments for
Tel ecommuni cat i ons.

El A TSB- 67 Field Testing of Unshiel ded Tw st ed-
Pair Cabling Systens.

El A TSB-72 Centralized Optical Fiber Cabling
Gui del i nes.

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS, | NC. (| EEE)

| EEE 802. 3 | nformati on Technol ogy - Local and
Metropolitan Area Networks - Part 3:
Carrier Sense Multiple Access Wth
Col l'i sion Detection (CSMY CD) Access
Met hod and Physi cal Layer
Speci fications.
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| nformati on Technol ogy - Local and
Metropolitan Area Networks - Part 5:
Token Ri ng Access Method and Physi cal
Layer Specifications.

(Unl ess otherwi se indicated, copies are available fromliInstitute of
El ectrical and

P. O Box

1331,

El ectroni cs Engineers, Inc. (lIEEE), 445 Hose Lane,
Pi scat away, NJ 08855-1331.)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATI ON ( NEMA)

NEMA WC 63

Prem se Tel ecommuni cati ons Cabl es
(I CEA S-90-661).

(Unl ess otherw se indicated, copies are avail able from Nati onal

El ectri cal
Arlington,

Manuf act urers Associ ation (NEMA) 1300 North 17th Street,
VA 22209.)

NATI ONAL FI RE PROTECTI ON ASSQOCI ATI ON ( NFPA)

NFPA 70

NFPA 262

Nati onal El ectrical Code.

Fire and Snoke Characteristics of Wres and
Cabl es.

(Unl ess otherwi se indicated, copies are available from National Fire
Protection Association (NFPA), One Batterymarch Park, P.O Box 9101,
Qui ncy, MA 02269-9101.)

RURAL ELECTRI FI CATI ON ADM NI STRATI ON ( REA)

REA

REA

REA

REA
REA
REA
REA
REA

PE- 22

PE- 38

PE- 89

TE&CM
TE&CM
TE&CM
TE&CM

Specification for Aerial and Underground
Tel ephone Cable (REA Bulletin 345-13).

Sel f Supporting Cable
(REA Bul l etin 345-29).

Filled Buried Service Wre
(REA Bul l etin 345-86).

Section 602, C earances.
Section 605, R ght of Way O earances.
Section 611, Pole Lines.

Section 626, Staking.

TE&CM Secti on 630, Design of Overhead Lines.
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REA TE&CM Section 640, Buried Cable Pl ant Specification.

REA TE&CM Section 643, Underground Conduit and Manhol e
Desi gn and Constructi on.

(Unl ess otherw se indicated, copies are available from Rural
Electrification Adm nistration (REA), Departnent of Agriculture, 14th
and | ndependence Avenue, S.W, Washington, DC 20250.)

UNDERWRI TERS LABORATCRI ES, | NC. (UL)

UL 497 Safety Protectors for Paired Conductor
Communi cation Crcuits.

UL 497A Saf ety Secondary Protectors for
Communi cation Grcuits.

UL 1479 Safety Fire Tests of Through-Penetration
Fi rest ops.

UL 1666 Fl ame Propagati on Hei ght of Electrical and
Optical Fiber Cables Installed Vertically in
Shafts.

(Unl ess otherwi se indicated, copies are available fromUnderwiters
Laboratories, Inc. (UL), 333 Pfingsten Road, Northbrook, IL 60062.)
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GLOSSARY
ACRONYMS
AElI. Architectural engineering instructions.
AFF.  Above the finished floor.
ATM  Asynchronous transfer node.

BAL UN. Bal anced/ unbal anced.

BICSI. Building Industry Consultant Services International.

BQ  Bachel or quarters.

CATV. Cable tel evision.

CEGS. Arny Corps of Engineers CGuide Specification.
CFR Code of Federal Regul ations.

CMR. Communi cations riser.

CODEC. Coder/ decoder.

CSU. Communi cati ons service unit.

DCI. Director of Central Intelligence.

DOD. Departnent of Defense.

DSS. Digital switching system

DSU. Digital servicing unit.

EM. Electromagnetic interference.

EMI.  Electrical netallic tubing.

EPA.  Environnental Protection Agency.

FDDI. Fiber distributed digital interface

HVAC. Heating, ventilating, and air conditioning.
LAN. Local area network.

LEC. Local exchange carrier.
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LIU.  Line interface unit.
MLDEP. Mlitary departnent.
MLCON. Mlitary construction.
ML-HDBK. Mlitary handbook.
MPCP.  Main point of presence.

NAVFACENGCOM Naval Facilities Engi neering Conmand.

NEMA.  National Electrical Manufacturers' Association.
NEXT. Near end cross talk.

NI C. Network interface card.

NFGS. Naval Facilities CGuide Specification.

CEM  Original equipment manufacturer.

OFCR. Optical fiber conductive (strength nmenber) riser.
CFNR. Optical fiber non-conductive (strength nenber) riser.
OSHA.  Cccupational Safety and Heal th Adm nistration.
OIDR.  Optical time domain reflectoneter.

PC. Personal conputer

POP. Point of presence.

PVC.  Pol yvinyl chloride.

RCDD. Regi stered conmuni cation distribution designer.
REA.  Rural Electrification Adm nistration.

RF. Radi o frequency.

RFI. Radio frequency interference.

STP.

TDR. Tinme domain refl ectoneter.

UL. Underwiters’ Laboratories Inc.
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UPS. Uninterruptible power supply.
UTP. Unshielded tw sted pair.

WAN. W.de area network.

DEFI NI TI ONS

Backbone. A facility conprised of pathway and cabl e which |inks
two or nore tel ecommunications closets, distribution term nals,
entrance facilities, and equi pnent roons either within or between
bui | di ngs.

Bondi ng. The permanent joining of netallic parts to forma | ow
[oss electrically conductive path that will ensure electrical
continuity and the capacity to safely conduct any current inposed
on it. Commonly used to construct groundi ng systens.

Bridge tap. The multiple connection of the sane cable pair at
several distribution points.

Bui l ding entrance facility. The entrance to a building for both
commerci al and Governnment network service conprised of the
groundi ng nechani sm pathway, and cable extending fromthe

buil ding entrance to the wall of the equi pnment room

Buried cable. Cable which is plowed or trenched directly into
the ground rather than run in duct.

Cable. An assenbly of one or nore netallic or fiber optic
conductors within an envel opi ng sheath design to all ow cabl e use
singly or in groups.

Channel. An end-to-end transm ssion path between two points that
i nclTudes the patch cord, station cord, and application specific
equi prent. It shall not exceed 100 m (328 ft.).

Conduit. A raceway of circular cross-section constructed of
mat eri al s authorized by NFPA 70 and used to transport cables from
point to point.

Cross-connect. A facility or function which provides for the
termnation and interconnection of cables.
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Demar cati on point. A point where ownership or operational
control transfers. Wen pertaining to the transfer of
operational control between the LEC and the Governnent, this
point is referred to as the main point of presence (MPOP)

Distribution frame. A structure with term nations for connecting
per manent cables in such as manner as to facilitate orderly
cross-connection, docunentation, and managenent.

Duct . Buri ed conduit.

Equi prent room A tel ecommuni cations closet, also functioning as
the interface between inside and outside backbone cabl es, houses
the primary sw tchi ng and hubbi ng equi pnent and serves as the

i nterface point between occupants of the building and outside

net wor ks serving the building. The point where the entrance
facility term nates.

Ground. A conducting connection, whether intentional or
accidental, between an object, usually an electrical circuit, and
earth potenti al .

Hori zontal cabling. The cable between and including the work
station wall outlet and the horizontal cross-connect in the
t el ecomuni cati ons cl oset.

Junper. An assenbly of twi sted pairs w thout connectors, used to
cross-connect voice grade cabling.

Link. Refer to horizontal cabling.

Media. Wre, cables, conductors, radio frequency, and infrared
signals used for tel ecomunications connectivity.

Modul ar jack. A standard femal e tel econmuni cations outlet used
to provide a neans of repeatedly connecting equi pnent to

per manent cabling. A nodular jack may contain either six or

ei ght pins and may or may not be keyed.

Modul ar plug. A male tel ecomruni cations connector used to
termnate a station cable or patch cord to a nodul ar jack

Mul ti node fiber optic cable. An optical fiber which allows nore
than one node to propagate. The resultant internodal dispersion
causes signal deterioration which [imts distance.
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Optical fiber duplex connector. An EIA/TIA 568SC conpli ant
mat ed nmechani cal assenbly designed to transfer power between two
pairs of fiber optic cable.

Patch cord. The fiber optic or stranded copper cable used to
connect the horizontal cabling and the backbone cabling to
net wor k equi pnent .

Pat ch panel. A cross-connect system of mateabl e connectors that
facilitates adm ni stration

Pat hway. A facility for the placenent and protection of
t el ecommuni cati ons cabl es.

Pulling tension. The lateral force that may be applied to a
cabl e wthout adversely affecting the characteristics of the
cabl e.

Raceway. Any channel designed for holding wires or cables, e.g.,
condui t, EMI, sleeves, slots, underfloor duct, cellular floors,
surface nmounted channels, in-furniture utility channels,

W reways, cable troughs, and busways.

Screen. A netallic foil or nmesh that envel opes the pairs of a
cable. Screening is used to reduce the effects of EM and RFI

Service entrance. The point of entry into the building by
out si de backbone cabl es through the exterior wall, concrete sl ab,
or from conduit.

Shield. A netallic foil or mesh around the insulation of a
conductor or pair of conductors. Shielding nay al so be applied
beneath the overall cable jacket to provide strength, physical
protection, and insulation fromEM and RFI

Si ngl e-node fiber optic cable. A fiber optic cable which is
designed to allow only one node to propagate. Distances achieved
are a function of the quality of the |ight source.

Splice. The joining of conductors, generally from separate cable
sheat hs.

Star topology. A configuration that provides connectivity
directly fromthe tel ecommunications outlet to the distribution
device. A star can be physically or logically constructed.
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Station cord. The fiber optic or stranded copper cable used to
connect the horizontal cabling to the work station equi pnent.

Tel ecommuni cations. The transm ssion and reception of visual,
audi bl'e, or recorded information by el ectromagnetic, radio, or
optical neans.

Tel ecomruni cations closet. An encl osed space for housing

t el ecommuni cati ons equi pnent, cable term nations, and cross-
connect cabling. The closet is the recognized |ocation for
perform ng the cross-connect between the backbone cabl es and the
hori zontal distribution cables.

Topol ogy. The physical or logical configuration of a
t el econmuni cat i ons net worKk.

Under ground cable. Cable run in ducts between manhol es and
handhol es.

Wor kst ati on. The physical area and equi pnment used by the
bui I di ng occupant to interface the serving voice, data, and video
net wor ks.

CUSTODI ANS PREPARI NG ACTIVITY
ARMY - CEMP-ET NAVY- YD2
NAVY - YD2
PROIECT NO
FACR- 1144
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